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INTRODUCTION 
The progress of most scientific research and the application of 
research results to production conditions depends largely on the develop­
ment of adequate procedures for evaluating differences. In beef cattle 
breeding research we are concerned with the development of procedures for 
measuring differences in traits of economic importance to arrive at 
estimates of differences in genetic worth. 
Progress has been made in developing measurement procedures for 
evaluating some of the economic traits in farm animals. However, the 
problem of developing suitable criteria for effectively ranking individ­
uals on the basis of their breeding values for two or more of these actual 
or real performance traits is one of the more complex in animal breeding 
research. 
Smith (1936) developed a selection index combining a number of plant 
traits by the use of discriminant functions. He demonstrated its applica­
tion in a consideration of selection among wheat varieties. Hazel (19^ 3) 
approached the problem in farm animals, independently, using the method of 
multiple correlation. According to him, certain phenotypic and genotypic 
parameters must be known or estimated in order to construct an efficient 
selection index. These are the relative economic values of the traits to 
be considered in the index, their heritabilities, and the phenotypic and 
genetic correlations among them. The relative economic values measure 
the amount by which profit is expected to increase for each unit change in 
the traits considered in the index. The heritability of each trait 
determines the effectiveness of selection in making genetic improvement. 
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The genetic and phenotypic correlation estimates are necessary to 
determine how a change in one trait will affect another trait. 
Since the introduction of the multiple correlation method by Hazel 
(19^ 3)J selection indexes have been constructed for some traits in most 
classes of livestock. However, most of these indexes have been based on 
a small body of data and in many cases assumed values have been used for 
the necessary heritabilities, correlations, and economic values. Insofar 
as is known, the multiple correlation method of constructing a selection 
index has not been applied to a large body of beef cattle data collected 
at more than one location in the Southeastern states. 
The commercial beef industry in the Southeastern part of the United 
States consists primarily of cow and calf operations. Brood cow herds are 
maintained and calves are sold at weaning as feeders. The economic value 
of these feeder calves is determined primarily by two factors: (l) weight 
and (2) quality (type or conformation score). Therefore, the beef cattle 
producer must strive to improve the genetic worth of his herd for these 
traits by selection. 
When selection is for more than one trait. Hazel and Lush (19^ 3) have 
shown that selection on total score or index is a more efficient method of 
using the additive genetic variance than selection for one trait at a time, 
or for several traits using independent culling levels. Therefore, the 
logical basis of selection used by the beef cattle breeder would be to let 
each trait receive attention proportional to its net economic value and the 
relative rate of improvement expected from a given level of selection. 
The data for this study came from the experimental beef herds in 
Tennessee where birth, preweaning, and weaning data are recorded on all 
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calves. Becaiose of the increased emphasis on performance and the keeping 
of more performance records by cattlemen, the relationship between pre-
weaning and weaning performance traits and their usefulness in a selection 
index should be clearly understood. 
The objectives of this study are: 
1. To estimate the influence of various environmental effects on 
preweaning and weaning traits in beef calves. 
2. To estimate the heritability of various preweaning and weaning 
traits in beef calves raised in different geographic locations in Tennessee. 
3. To develop a selection index applicable in Tennessee and similar 
environments that will yield numerical values proportional to the net 
genetic merit of individual calves for the traits studied. 
h. To estimate the net contribution made by each trait to the above 
index. 
5. To compare the relative efficiency of the above index with an 
index currently used in many of the experimental herds and performance 
testing programs in the Southeast. 
6. To contribute to the general knowledge of beef cattle genetics. 
k  
REVIEW OF LITERATURE 
In evaluating the genetic merit of an individual, the effects of 
various fixed environmental factors such as sex, breed, age of dam, and 
season of birth present a problem. The need to evaluate the average 
effects of these and other variables has been pointed out and studied by-
many workers. 
Birth Weight 
Sex 
Male calves are usually heavier at birth than female calves. In a 
summary of birth weights reported in the literature for Hereford calves, 
Smith and Warwick (195^ ) found that Hereford males outweighed females at 
birth by 4.63 pounds. In the same report, they found that males were 
heavier than females by 5.48 pounds among Angus calves. This summary was 
based on 4,113 Hereford calves bom in ten different states and 366 Angus 
calves bom in four states. In other reports (Dawson et al., 1947; Burris 
and Blunn, 1952; Gregory et , 1950; Knapp ^  , 1940; Koch and Clark, 
1955a; McCormick et ^ . , 1956; Brinks et , 196l), the average birth 
weight of males ranged from 3.5 to 7.2 pounds heavier than females. 
Standard deviations in the above studies ranged from 7.0 to 10.0 pounds. 
Breed 
In general, calves of the Angus breed are lighter at birth than calves 
of the Hereford or Shorthorn breeds. In a review of the literature. Smith 
and Warwick (1954) found average birth weights of Hereford, Angus, and 
Shorthorn calves to be 71.6, 62.2, and 68.9 pounds, respectively. From 
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Nebraska data, Burris and Blunn (l952) reported birth weights of 6 k . 2 ^  
64.3, and 6j.k pounds for 502 calves of the Angus, Shorthorn, and Hereford 
breeds, respectively. Temple (1963), in the 1962-1963 Annual Report of 
the Southern Regional Beef Cattle Breeding Project (8-10), reported 
average birth weights of calves bom in the region as 69.3 pounds for 
1,731 Herefords, 60.2 pounds for 1,031 Angus, 67.2 pounds for 190 Short­
horns, 7^ .2 pounds for 96 Santa Gertrudis, 61.8 pounds for 169 Brahman, 
and 68.0 pounds for 70 Brangus. Average birth weights similar to the above 
report for the Hereford, Angus, and Shorthorn breeds were found by other 
workers (Gregory et , 1950; Koch et , 1955; Swiger e^  al. , 196I; 
Flock e;t , 1962 ; Swiger et , 1962b ). In most of the above studies, 
the Herefords were most numerous. 
Age of Dam 
Smith and Warwick (195^ ) reported that calves out of 2-, 3-, and it-year-
old cows were smaller at birth than calves out of older cows by about 7, 
4, and 1 pounds, respectively. There appeared to be little difference in 
the birth weights of calves out of 5-year-old cows and older. This report 
was based on birth weights of 7,8^ 3 Hereford, Angus, and Shorthorn calves 
bom in five different states (Montana, Georgia, Nebraska, Tennessee, and 
Maryland). Most of the animals in the report were Herefords. Similar 
findings were reported by Dawson e^  (19^ 7), Burris and Blunn (1952), 
Botkin and Whatley (1953), Koch and Clark (1955a), McCormick et al. (1956), 
Swiger (1961), and Brinks eb (1962b). 
McCormick (1956) adjusted the birth weights of calves from 2-, 
3-, and 4-year-old dams by adding 10 pounds, 6 pounds, and 2 pounds, 
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respectively, while Botkin and Whatley (1953) added U pounds and 2 pounds 
for 3- and 4-year-old dams, respectively. Burris and Blunn (1952) in a 
study of 502 calves found that birth weights of calves from 2- and 3-
year-old cows averaged 7 pounds less for Angus, h.9 pounds less for 
Hereford, and 6.0 pounds less for Shorthorn. 
In general there was a greater difference in birth weight of calves 
from 2- and 3-year-old cows than between older ages. The heaviest birth 
weights were from cows ranging in age from 5 to 10 years of age. There 
appeared to be no regional influence on birth weights reported in the 
literature. 
Preweaning Weight 
Studies of preweaning performance are not as numerous in the 
literature as those for weaning traits. Preweaning measurements are 
usually taken approximately midway of the suckling period. In most stui^ es, 
this age ranges from 100 to 130 days, and in many instances the date 
coincides with the removal of the bulls from the herd. 
Rollins and Guilbert (1954) reported that from birth to U months of 
age, the daily gain of bull calves was 0.13 pounds per day greater than 
for heifer calves. Bovard et al. (1963) found a significant difference 
in weights of beef calves at 120 days of age due to sex. This study 
included the preweaning growth records of 785 Angus, 802 Hereford, and 
853 Shorthorn calves at the Front Royal Station in Virginia. 
Swiger et (1962b) developed a multiplicative sex correction 
factor for preweaning gains. The sex means were coutputed by weighting each 
source-line-year-age of dam-sire subclass mean for each sex by the 
T 
factor, » where M equals the number of males and F the number of 
females in each subclass. Gain from birth to 130 days was computed as 
weight at end of breeding season minus birth weight. This was divided by-
age at weighing to obtain the rate of gain, and the rate was multiplied by 
130 to determine gain. The multiplicative factors computed by this method 
to correct males to a female basis were 0.93^  and 0.9^ 5 for bulls and 
steers, respectively. This study included the preweaning records of 2,739 
calves from the Nebraska Station. 
In a study that included one Hereford and two Angus herds. Brown (1960) 
evaluated the influence of year, season of birth, sex, sire, and age of 
dam on weights of beef calves at 60, 120, and I80 days of age. The study 
included the weight records of 893 calves. In the Hereford herd the male 
calves (bull and steer) were 11, IT, and 30 pounds heavier than females at 
2, U, and 6 months, respectively. The advantages for male calves in the 
creeped and non-creeped Angus herds were 9, 16, and 19 pounds, and 8, 12, 
and 18 pounds, respectively. 
In the above study the age of dam constants, using lactation number 
as the measure of age, indicated that calves with the heaviest weights at 
2, U, and 6 months were from cows in the fifth through the seventh 
lactations. 
From the records of 131 Hereford calves out of 6l dams and by 5 sires, 
Neville (1962) studied the influence of dams' milk production and other 
factors on 120- and 2i+0-day weights. He found the effect of years, 
treatments, milk production, birth order, and birth weight to be signifi­
cant, while the effect of sire, sex of calf, weight of dam, and age of dam 
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were not significant. Steer calves were 9 pounds heavier than heifers at 
120 days of age. 
Chambers et (1956) studied the productivity of beef cows as 
reflected in the 112- and 120-day weights of their calves and found that 
male calves (bull and steer) were from 11 to 20 pounds heavier than 
females at 112 days of age. This study was based on the records of 1,110 
calves from 303 cows which were in experimental treatments on four 
different farms. 
Drewry (196b) studied the preweaning and weaning records of 840 
Hereford and Angus calves raised in experimental herds at four locations in 
Iowa. He analyzed the data.for six dependent variables including 100-day 
weight, 205-day weight, gain from 100 days to 205 days of age, average 
daily gain from birth to 100 days of age, average daily gain from 100 days 
to 205 days of age, and average daily gain from birth to 205 days of age. 
He fitted constants for eight environmental factors including farm, year, 
breed, sex, age of dam, and partial regressions on the dependent variables 
for age of calf, inbreeding of dam, and inbreeding of calf. Among creep-
fed calves he found that bulls outwei^ ed heifers by 13. U pounds at 100 
days of age, while among non-creeped calves bulls were 19.2 pounds heavier 
than heifers. Similarly, bull calves gained O.lU pounds and 0.l6 pounds 
per day faster from birth to 100 days of age than heifers among creeped 
and non-creeped calves, respectively. 
In the above study, the 100-day weights of creeped calves from 2- and 
3-year-old cows were approximately 38 and 11 pounds lighter, respectively, 
than calves out of U- to 11-year-old cows. Non-creeped calves from 2-, 3-, 
U-, and 5-year-old cows were approximately UO, 36, 15, and 13 pounds 
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lighter, respectively, than calves from 6- to 11-year old cows. Creeped. 
and non-creeped Angus calves were 6.U and 8.2 pounds heavier, respectively, 
than Hereford calves at 100 days of age. Similarly, the average daily 
gain from birth to 100 days of age was higher among Angus calves, both 
creeped and non-creeped. 
Weaning Weight 
Sex 
Khapp e;b al. (1942) reported Hereford bull calves were 22 pounds 
heavier at weaning (l80 days) than.heifer calves. This report was based 
on the records of TTO calves raised at the United States Range Livestock 
Experiment Station, Miles City, Montana. In other studies of data from 
this station, Woodfolk and Knapp (19^ 9) and Koch and Clark (1955a) found 
differences of 28 and 26.2 pounds, respectively, between the weaning 
weights of bull and heifer calves. Brinks e;fc (l96l), in a study of 
2,157 heifer, 2,28l steer, and 390 bull calves'at Miles City, reported that 
at 180 days of age, steers outweighed heifers by 15.5 pomds, and bull 
calves outweighed heifers by 19.2 pounds. The heifers gained 5 per cent 
less than steers and 6 per cent less than bulls. In another study of data 
from this station, Clark e;t (1958) reported differences in weaning 
weight to be highly significant. Weaning weights of bulls, steers, and 
heifers averaged 4l8, 382, and 368 pounds, respectively. 
Koger and Knox (I9b5a) found Hereford steer calves to be 32 pounds 
heavier than heifer calves at 205 days of age. Gregory e^  (1950) re­
ported in a study of 270 calves that male calves weighed only 3 pounds more 
at weaning than did females. In a study of 69 calves at another location. 
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he found males outwei^ ed females by lU pounds at weaning. 
Gerlaugh et al. (1951) j analyzing 8 years' of data, reported that 
Angus bull calves averaged 486.2 pounds at weaning while Angus females 
averaged only 4l9.7 pounds. In the same study he found Hereford bull 
calves averaged 393.7 pounds and females 385.7 pounds at weaning. He 
postulated from this study that sex differences varied with breed,, and that 
an increase in weaning weight was accompanied by an increase in sex 
differences. 
In a review of sex differences reported by various authors. Smith and 
Warwick (195^ ) reported that the average sex difference among weanling bull 
and heifer Hereford calves was 36 pounds, while the difference between 
weaning weights of bull and heifer Angus calves was 31 pounds. 
McCormick eb (1956) found in polled Hereford cattle that bulls 
outweighed heifers by 30 pounds at 210 days of age. Pahnish (l96l) 
reported that bull calves were significantly heavier than heifer calves at 
weaning, and the differences at various ranches ranged from hk to 99 
pounds. 
Based on weaning records of 7^ 8 Hereford calves, Swiger (I961) found 
bulls outweighed heifers at weaning by 45.4 pounds, while Hamann et al. 
(1963) reported a difference of 40 pounds between the weaning weight of 
steers and heifers in a study of l,86l records of creep-fed Angus calves. 
From a study of 1,208 weaning records of Hereford calves. Flower et al. 
(1963) reported that bulls outweighed heifers by 28 pounds while steers 
outweighed heifers by 23 pounds. 
Differences in average daily gain to weaning between males and females 
generally ranging from 0.1 to 0.3 pounds have been reported by several 
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workers (Dahman and Bogart, 1952; Rollins and Guiltert, 1954; Koch and 
Clark, 1955a; Marlowe and Gaines, 1958; Clark et 1958; Koch et. al., 
1959, Lehmann et al., 1961; Barker, 1964). 
Age of Dam 
Most of the work to date indicates that 2- and 3-year-old cows 
produce lighter calves at weaning than they do at older ages. Usually the 
first calf is considerably lighter at weaning than subsequent calves, and 
maximum production is usually reached when the cow is 6 to 8 years of age. 
Khapp (19^ 2) reported the weaning weights of calves increased 
with age of cow up to 6 years and then declined. Koger and Knox (1945a) 
found that weaning weights increased until cows were 7 years old and then 
declined slightly. Koch and Clark (l955a) in a study of Miles City data 
found that both weaning weight and type score increased as the age of cow 
increased from 3 to 6 years, and then declined slightly as the cow grew 
older. Marlowe and Gaines (1958) concluded that maximum production was 
obtained from cows in the 6- to 10-year-old age group. 
Work done by Sawyer et ad. (1958) demonstrated that 2-year-old dams 
weaned calves that were 75 pounds lighter than calves of mature dams. He 
found that weaning weight of calves increased with increasing age of dam 
through 8 years of age and then declined. Clark et al. (1958) reported 
average weaning weight increased with age of dam from 3 to 5 years. There 
was very little difference from 6 to 8 years of age. Calves from first 
calf heifers averaged 44 pounds less than calves from mature cows. 
Work by Dawson (i960) on a limited number of Shorthorn cows indicated 
that milk production increased up to approximately 6 years of age and then 
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decreased slightly. Results of work by Brown (i960) indicate there is an 
increase in the weaning weight of calves associated with an increase in age 
of dam during the early years of production, and a subsequent decline in 
calf weights after years of peak production. He also found that the age at 
which peak production was reached was distinctly different among the three 
herds studied and ranged from the third to sixth lactation. 
Flock et (1962) found that differences in rate of gain to weaning 
were small due to age of dam, except between first and second calves. 
Similar results were reported by LeJimann et al. (1961). 
Barker (1964) found that the weaning weight of calves in private 
herds in Tennessee increased with age of dam up to 8 years of age, while 
Swiger (l96l) reported that weaning weights of Hereford calves increased 
with age of dam up to 9 years of age. In a later study of Angus and Here­
ford calves, Swiger et (1962b) found cows reached peak production at 
approximately 6 years of age. Similar results were reported by Koch (l95l), 
Rollins and Guilbert (195'* ), Rollins and Wagnon (1956), Brinks et al. 
(1962a), Hamann et al. (1963), and Shelby et (1963). 
There have been few reports on the effect of age of dam on type score 
at weaning. Marlowe and Gaines (1958) found the average type score at 
weaning for calves out of 2-, 3-, , 5-, 6-, 7-, 8-, 9-, and 10-year-old 
cows to be 10.91, 11.37, 11.^ 5, 11.66, 11.67, 11.77, 11.70, 11.46, and 
11.50, respectively. From these data it would appear that age of dam had 
little effect on type score after the first calf. Similar results were 
reported by Lehmann et al. (1961) and Barker (1964). 
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Season of Birth 
Koch and Clark (l955a) found from a study of 5,952 Hereford calves, 
most of which were born during the months of April and May, that they 
grew at about the same rate until weaning. Results of their work also 
indicated that early calves scored slightly higher than those bom later 
in the season. 
Peacock et al. (1956) concluded there was a highly significant 
difference in weaning weights of calves bom in winter (December, January, 
and February) and calves bom in spring (March, April, and May); the 
adjustment estimate was l4 pounds in favor of the winter calves. Their 
estimate was based on a study of the records of 673 calves. 
Based on data from 6,173 beef calves of three breeds, Marlowe and 
Gaines (1958) reported that season of birth was an importent source of 
variation in both growth rate and type score at weaning. They concluded 
that calves bom August through December grew at about 0.2 of a pound per 
day slower than those born during February through May. They reported 
little difference in the average type score of calves born during the period 
November 1 through March 31 and a slight decrease in type score of calves 
bom during April and May. However, calves born during June through 
October graded approximately one-third of a grade (Federal) lower than 
calves bom during November through March. 
Brown (1960) found a significant difference among weights of Hereford 
and Angus calves at 60, 120, 18O, and 250 days of age due to season of 
birth. Flock et (i960) found the effect of month of birth on weaning 
weight to be small in a calving season restricted to k months. Dinkel 
et al, (1963) reported a significant difference among weaning wei^ ts of 
I k  
calves born in different seasons. However, this difference was not 
significant when these weaning weights were adjusted for sex, age of dam, 
and age of calf. 
Lehmann e^  al. (I96l) found month of birth significantly affected 
daily gain to weaning among 1,987 calves raised on the Front Royal Station 
in Virginia, The calves were born from January through June. However, 
most calves were born during the first months. The study covered 9 
years. 
Age at Weaning 
The average weaning age of beef calves varies among the geographic 
areas of the United States. Generally speaking, the longer the growing 
(vegetative) season, the older the calves are at weaning. The average 
weaning age ranges from approximately 180 days in the northern range states 
(Shelby ^  , 1955; Dawson et ^ . , 195^ ; Koch, 1951; Minyard and Dinkle, 
i960 ; Brinks et 1961, 1962b) to approximately 2U0 days in the 
southern states (Rollins and Wagnon, 1956; Brown, 1958, I960; Neville, 
1962). 
Most reports are based on data from experimental herds where breeding 
seasons and differences in weaning age between the oldest and youngest 
calf usually range from 90 to 120 days. Reynolds e^  (1963) indicated 
that age differences among calves produced from a 90-day breeding season 
was small. From records on Angus, Africander-Angus, Brangus, Brahman, and 
Angus X Brahman cows where heat checks were made daily, he found that 90 
per cent of the cows that conceived during a 90-day breeding season 
conceived in the first '45 days. 
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In commercial beef herds, the range in age of calves at weaning is 
usually greater than in experimental herds due to a longer breeding 
season. In some herds, the cows are exposed to bulls the year round. In 
a study of 8,956 calves produced in 96 commercial herds in Tennessee, 
Barker (1964) found that calves ranged from 120 to 290 days at weaning. 
A similar range was reported by Mai'lowe and Gaines (1958) in a study of 
6,173 calves from commercial herds in Virginia. 
In studies where the breeding season is from 90 to 120 days and the 
average age at weaning is from l80 to 210 days, most workers (Koch et al. , 
1955a; Marlowe and Gaines, 1958; Swiger £t al., 1962b; Brinks et al., 
1962b; Flock et , I95O; Flower, 1963) indicate that rate of gain from 
birth to weaning is essentially linear. However, in studies where the 
average weaning age was 2k0 days or over, most workers (Rollins and 
Guilbert, 195^ ; Brown, I96O; Barker, 1964) found that adjustments for age 
of calf should be made when comparing rates of gain for early and late 
calves. 
Several linear methods have been used to compute weaning weight at a 
constant age. The most frequent method used is: 
weaning .eight - birth weight  ^standard age + birth weight, 
age at weaning 
Another method used is singly ^^ aning weight  ^ standard age. When 
 ^ weaning age 
several weights are obtained before weaning—for example at monthly 
intervals—the weight for a standard age is interpolated from the weights 
that bracket the standard age. 
Marlowe and Gaines (1958) studied the weaning daily gain of 4,l66 
creep-fed and 2,007 non-creep fed calves of the Hereford, Angus, and 
l6 
Shorthorn breeds. The calves were grouped into seven 30-day intervals 
according to weaning age which ranged from 90 to 300 days. To correct for 
age at weaning, least squares constants were fitted for the groupings. 
Similarly, Lehmann et al. (1961 ) estimated least squares constants for the 
months of birth when studying weanling traits in calves bom during the 
months of January through June. Within each year all calves in this study 
were weaned on the same date. 
In other studies where attempts were made to correct for age of calf 
at weaning, Nelms and Bogart (1956) grouped calves into six 20-day periods 
beginning with March 1. Comfort and Lasley (i960) grouped calves bom from 
December 1 to April 30 into ten 15-day groups. Barker (1964) grouped 
calves whose weaning ages ranged from 120 to 290 days into 10-day groups. 
Swiger et al. (1962b) evaluated the preweaning growth of 2,092 beef 
calves bom at the Fort Bobinson Beef Cattle Research Station, Crawford, 
Nebraska, and 6^ 7 calves bora at the Nebraska Agricultural Experiment 
Station, Lincoln, from 1951 to I96O. He calculated the partial regression 
of gain on age from birth to 130 days and from 130 to 200 days. For the 
early growth period, the curvilinear effect was only slight and could be 
ignored. However, the curvilinear effect of age on gain from 130 to 200 
days was significant and similar at both locations. He concluded that the 
most accurate appraisal of weaning weight was obtained by computing gain in 
the two periods separately, by adjusting gains made in the last period for 
age, and then combining these with birth weight. However, he also found 
that the simpler procedure of computing weaning weight as birth weig&t + 
200 (average daily gain, birth to weaning) without further adjustment for 
age was correlated nearly perfectly (.99) with the more conçlex measure. 
IT 
Therefore, the sinkier method of correcting weaning weight for age in 
these data was satisfactory. 
In a similar study among creeped and non-creeped calves, Drewry (1964) 
calculated the partial regressions of six dependent variables as previously 
described (page 8) on age where age was expressed as a deviation from the 
farm-year mean age of calves at first (100-day) weight. Among creeped 
calves, the reduction in sums of squares due to linear regression of 
average daily gain from birth to 100 days, daily gain from 100 to 205 days, 
and daily gain from birth to weaning on first age expressed as a deviation 
from the farm-year mean first age was not significant. Among non-creeped 
calves, the reduction for the linear regression on first age (as expressed 
above) was not significant for first daily gain and weanling daily gain, 
but was highly significant for daily gain from 100 to 205 days. 
Minyard and Dinkel (i960) used both additive and multiplicative age 
corrections for weaning records of 2,351 Angus and Hereford calves. The 
additive age correction was computed from the equation, weaning daily gain 
X the standard age of 190 days + birth weight. The multiplicative correc­
tion was the actual weaning weight X appropriate multiplicative factor. 
The multiplicative factors were calculated from weaning wei^ ts of calves 
raised under conditions similar to those of the study. The multiplicative 
factors removed 90 per cent of the variance, and this was the most 
efficient method. 
Other Environmental Factors 
Many workers have pointed out the need to evaluate the effects of 
other environmental factors including years (Shelby e^  ^ ., 1955; Rollins 
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and Wagnon, 1956; Stonaker, 1958; Marlowe and Gaines, 1958; Swiger, 196l; 
Lehman et al., 1961; Flock et , 1962), location (Chambers e^  , 1956; 
Pahnish e;t a^ . , 196l; McCormick e;t , 1956; Gregory e;t , 1950; 
Marlowe and Gaines, 1958; Swiger et , 1962b), inbreeding (Koch, 1951; 
Burgess et , 195^ ; Swiger e;t , 196l; Swiger e^  al. , 1962b; Bovard 
et , 1963; Drewry, 1964) and weight of dam (Knapp et al., 19^ 0; 
Gregory et , 1950; Dawson et , 19^ 7; Brinks et ad., 1962a). 
Jamison (1965) analyzed the effects of various environmental factors 
on the weaning performance of 3,503 calves produced in experimental herds 
in Tennessee over a T-yeax period. Two different analyses were made on the 
data for two dependent variables, daily gain from birth to weaning, and 
type score at weaning. In the first analysis, average daily gain was ad­
justed for age of dam by an "outside" adjustment based on the literature. 
The adjustments were 0.23, 0.l4, and O.O8 pounds per day for calves out of 
2-, 3-, and 4-year-old cows, respectively. No adjustment was made for 
older cows and no adjustment was made for type. The data were analyzed 
within station, breed, and cow. Least squares procedures were used to 
estimate the effect of year, reproductive status, season of birth, sex of 
previous calf, and partial regressions for weaning age, calving interval, 
average daily gain at weaning of previous calf, and the number of days 
between weaning one calf and the birth of the next. The second analysis 
was identical with the first except that the effects of age of dam were 
estimated from the data and the analysis was made within year, station, 
breed, and cow. 
Reproductive status wt.s defined as a cow (l) calving first at 2 years 
of age, (2) calving first at 3, (3) calving first at 4, (U) known to have 
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calved previously but no record, (5) calving but not raising the calf to 
weaning, (6) calving and raising it to weaning, and. (7) not calving the 
previous year. 
The effect of reproductive status on daily gain to weaning and 
weaning type score was significant in the first analysis. The constants 
for type ranged from 0.40 (l.OO = 1/3 of a Federal grade) for category (U) 
to -.51 for category (l). For average daily gain, the constants ranged 
from 0.05 for category (5) to -.06 for category (U). In the second 
analysis, the effect of reproductive status was significant on daily gain 
to weaning only. The constants for the various categories were small and 
ranged from O.OU for category (5) to -.03 for category (2). 
The linear regressions of both dependent variables on calving interval 
were nonsignificant in both analyses, while the regressions on average 
daily gain of previous calf were significant for both dependent variables 
in both analyses. The regression of type score on the number of dry days 
was nonsignificant in both analyses, while the regression of daily gain to 
weaning on the number of dry days was significant in the first analysis 
only. 
Heritability 
The heritability of a metric character is one of its most important 
properties. It expresses the proportion of the total variance that is 
attributable to the average effects of genes, which is an important factor 
in determining the degree of resemblance between relatives. Probably the 
most important function of heritability in a genetic study of metric 
characters is its predictive role, expressing the reliability of the 
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phenotypic value as a guide to breeding value (Falconer, I960). 
According to Lush (19^ 5), all methods of estimating heritability rest 
on measuring how much more closely animals with similar genotypes resemble 
each other than do those of less closely-related animals. Fisher (1918) 
devised the general formula for the expected genetic relationship between 
relatives. Under random mating, the relationship between full sibs 
would be one-half and that between half-sibs would be one-fourth. By 
using path coefficients, Wright (1921) showed these same relationships. 
Generally speaking, the closer the relationship the more accurate 
will be the estimates of heritability. Lush (1948) states that estimates 
based on relationships less than half-sibs are of limited value because 
their sampling errors are likely to be quite high. Falconer (i960) states 
that different estimates of the same character show a considerable range 
of variation. Ha explains this is partly due to statistical sampling, but 
some of the variation reflects real differences between the populations 
or the conditions under which they were studied. 
Heritability estimates have been made for many traits of economic 
importance in cattle. In tabular form, Warwick (1958) summarized herita­
bility estimates of various traits in beef cattle. The estimates from this 
summary for birth weight, weaning weight, and weaning type are given in 
Table 1. It is apparent that at the time of his review, considerable work 
had already been done on the estimates of the heritability of these traits. 
Also given in Table 1 is a summary of the heritability estimates for the 
above traits reported in the literature since his review. In addition, 
estimates for rate of gain from birth to weaning are given in the latter 
summary. The average estimates from each summary agree rather closely. 
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Table 1. Average heritability estimates 
Trait^  
No. of Range of 
estimates estimates 
Av. of 
est. 
Weighted 
average 
No. animals 
in wtd. av. 
Birth weight •15 0.11-1.00 .41 
Birth weight 12 0.13-0.67 .34 0.36 10,369 
Weaning weight 26 -.13-1.00. .30 
20,638 Weaning weight 25 —.01-0.69 .29 0.29 
Weaning type 16 0.00-0.50 .26 
Weaning type • Ih 0.06-0.60 .29 0.30 11,429 
ADG, birth 
to weaning 11 —,02—0.UO .22 , 0.26 12,986 
®TJpper numbers taken from Warwick's review. 
Table 2 gives in tabular form the heritability estimates of birth 
weight, weaning weight, type score, and average daily gain reported in the 
literature since Warwick's review. Estimates for birth weight ranged from 
0.13 to 0.6T, weaning weight ranged from -.01 to 0.69, weaning type score 
ranged from 0.06 to 0.60, and average daily gain from birth to weaning 
ranged from 0.02 to 0.4O. All estimates were based on paternal half-sib 
analyses, 
Table 3 gives a summary of the estimates by sex. A sex difference is 
indicated for some of the traits. However, few of the animals among the 
sexes are contemporary. 
Genetic and Phenotypic Correlations 
The association between two characters that can be directly observed 
is the phenotypic correlation. This is determined from measurements of the 
two characters in a number of individuals of the population. In genetic 
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Table 2. Heritability estimates of weaning and preweaning traits* 
No. of V Birth Wean. Wean. ADG birth 
Author Year animals Sex weight weight type to wean 
Shelby 57 5^ 2 B .59 .1+3 .60 .1+0 , 
Wagnon 59 305 H .57 
Carter 39 190+ S .08 .1+1 • 
Carter 59 200+ H .69 .51 
M'hoeffer 60 1682 M .21 .22 
Thornton 60 2lU H .13. (Angus) .21 • 
Thornton 60 275 H .21 (Shorthorn) .25 
Lehmann 6l 1987 M .21 .33 .20 . 
Swiger 6la j kQ M .22 .25 
Lasley 6i 4l4 M .67 .11 
Pahnish 6i 329 B .28 
Pahnish 6l 332 H .57 
Swiger 62 61+7 M .30 -.01 (Lincoln) — « 02 
Swiger 62 2029 M .37 .11+ (Ft. Robinson) .20 
Blackwell 62 499 S .08 .38 
Blackwell 62 1+20 H .31 .26 ' 
Shelby 63 6i6 S .5k  .21+ .23 
Hamann 63 l86i M .1^ 7 (Creeped) 
Swiger 63 3k3 B .1+7 
Swiger 63 81+0 H .1+2 
Swiger 63 288 S .06 
Mahmud 63 1306 M .21+ .36 .26 
M'hoeffer 63 908 H .18 .20 
M'hoeffer 63 . 751 B .28 .29 
Miguel 63 580 M .15 .21+ 
Brinks 6h 358k H .38, .1+3 .1+0 • 
Brinks 6k  l608 H .28 
Pahnish 6k  350 H .11+ .23 .21+ . .25 
Pahnish 6k  370 B .32 .08 . 06 .09 
®Based on paternal half-sib analysis. 
= bull 
H = heifer 
S = steer 
M = mixed (males and females) 
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Table 3. Average heritability estimates by sex 
Trait Bull 
Sex 
Heifer Steer 
Birth weight: 
No. estimates 3 k  -
No. animals 1,528 4,423 -
Av. estimate .48 .26 -
Weighted av. .50 .34 -
Weaning weight: 
No. estimates 5 8 4 
No. animals 2,535 6,030 1,593 
Av. estimate .31 .43 .20 
Weighted av. •32 .40 .14 
Weaning type score: 
No. estimates 3 5 3 
No. animals 1,663 3,486 1,305 
Av. estimate .32 .30 .34 
Weighted av. .34 .27 .31 
ADG, birth to weaning: 
No. estimates 2 4 -
No. animals 912 4,423 -
Av. estimate .25 .28 — 
Weighted av. .28 .37 — 
studies, it is necessary to distinguish two causes of correlation between 
characters—genetic and environmental. According to Falconer (196O), the 
genetic cause of correlation is chiefly plieotropy, though linkage is a 
cause of transient correlation—particularly in populations derived from 
recent crosses between divergent breeds. The environment is a cause of 
correlation insofar as two characters are influenced by the same differences 
in environmental conditions. According to Lush (1948), the primary in­
terest in knowing the genetic correlations among characters is that in 
making changes by selection it is important to know how the improvement of 
2h 
one character will cause simultaneous changes in other characters. 
Genetic and phenotypic correlations among the weanling traits of beef 
calves have been reported in several studies. Koch and.Clark (1955a) 
reported an identical genetic and phenotypic correlation of.0.98 between 
rate of gain from birth to weaning and weaning weight. They found genetic 
and phenotypic correlations to be O.5O and 0.6k, respectively, between 
rate of gain and weanling score. Carter and Kincaid (1956b) reported a 
genetic correlation of 0.49 between l82-day weight and.feeder grade and a 
phenotypic correlation of 0.37 between the two traits. 
Lehmann et al. (1961) reported a phenotypic correlation of 0.k2  and 
a genetic correlation of O.OO7 between daily gain and type score. These 
estimates were based on weaning data from 606 Angus, 656 Hereford, and 
689 Shorthorn calves, all purebreds, and 36 grade.Hereford cattle. The 
large differences between the two correlations, and the fact that the 
genetic correlations were essentially zero, suggested that the two traits 
were genetically independent but positively correlated in the eyes of the 
graders. 
Working with performance data collected from 1,029 Hereford bulls, 
Brinks et al. (1962b) found the phenotypic and genotypic correlations 
between 120-day gain and weaning score to be 0.53 and O.jhy respectively. 
Shelby e^  a2. (1963) reported genetic and phenotypic correlations of O.51 
and 0.57, respectively, between l80-day weight and weaning score. The 
same authors reported genetic and phenotypic correlations of -0.02 and. 
0.03, respectively, between average daily gain from birth to 18O days of 
age and weaning score. 
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Wilson et_ al. (1963), working with data from 3 Hereford steers, found 
genetic and phenotypic correlations of 0.25 and 0.37, respectively, be­
tween adjusted weaning weight and conformation score. 
Selection Indexes 
A selection index is a number intended to be proportional to an 
individual's breeding value and therefore usable as a criterion for select­
ing or rejecting that individual. It is made by combining credits for the 
individual's merits and penalties for its defects. The index, I, is to be 
so constructed that its correlation with the individual's net genie value, 
G, is the maximum that it could possibly be for any index which is a 
function of the characteristics X^ , Xg, X^ , which are considered in 
constructing it (Lush, 1948^ . 
Lush (19^ 8) states that the economic value of an animal is a function 
of several characteristics. Hazel and Lush (19^ 3), in a theoretical study, 
concluded that it is more efficient to consider each trait in every genera­
tion of selection, provided each trait is given its proper weight relative 
to the others, than to follow the plan of improving the individual traits 
one at a time. 
The method for estimating optimum relative weights to be given several 
traits in concurrent selection for all was presented by Smith (1936). He 
discussed the theory of selection indexes and demonstrated its application 
among traits of wheat varieties. He used the method of discriminant 
functions to develop a selection index for traits in wheat. 
Where the economic value of an organism is a function of several 
characteristics, it would seem plausible to let each trait receive attention 
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proportional to its net economic value and the relative rate of improvement 
expected from a given level of selection. This would be an efficient 
method if the traits are genetically uncorrelated. However, Hazel (1943)— 
working with traits in farm animals and using the method of multiple 
correlation—showed that if the genetic correlations are known, they should 
be considered in order to construct the most efficient index. 
Since the pioneering work with animal traits by Hazel, indexes that 
could be used in selecting farm animals have been constructed for dairy 
cattle (Legates, 19^ 9; Harvey and Lush, 1952), poultry (Lêmer et al., 
1947), sheep (Rae, 1950; Morley, 1950; Ercanbrack, 1952; Givens et al., 
196O; and Hulet, 1962), and swine (Hazel, 19^ 1; Bernard, 1954; Sutherland, 
1958; Robison et , 19^ 0). 
Selection indexes for beef cattle have been reported by several 
workers. Hazel (1952) constructed an index not intended for use in select­
ing beef cattle but, mainly, to show how an index could be constructed 
once accurate estimates of the necessary parameters become available. He 
considered these traits: weaning weight, weaning score, feed efficiency, 
slaughter grade, and postweaning gain. Indexes were constructed by using 
various combinations of these traits. These indexes were most efficient 
when the postweaning traits were included. When only the weanling traits 
were used, the efficiency was nearly 50 per cent less than that of the 
indexes considering both postweaning and weaning traits. Therefore Hazel 
concluded that selection on the basis of an index would be more accurate 
if replacement calves were selected after a postweaning performance test. 
Lindholm and Stonaker (1957) constructed an index based on data from 
118 Hereford steers. The traits considered were weaning weight, gain from 
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birth to weaning, weaning grade, postweaning gain, postweaning feed 
efficiency, and slaughter grade. They .concluded that an index based on 
weaning weight, daily gain from birth to weaning, and days to finish gave 
the most efficient estimate of the aggregate genetic value of an individual 
calf. This study also indicated that weaning weight alone was about .95 
as efficient in selecting for net profit as an index that considered wean­
ing wei^ t, feed efficiency, average daily gain, and days to finish. Heavy 
weaning weight and rapid finishing ability appeared to be the most im­
portant traits to select for in attempting to increase net income from 
combined calf, raising and feeding enterprises. 
Lehmann et al. (I96l) constructed several selection indexes based on 
data from 1,987 weanling calves from the same herd. The traits considered 
were (l) daily gain to weaning, (2) 203-day weight, and (3) type score at 
weaning. Economic values based on actual sales of feeder calves were in­
cluded in the indexes. Comparisons among the indexes were made on the 
basis of their correlations with the aggregate genetic values and the 
expected genetic changes per standard deviation change in index. Selection 
on the basis of an index combining daily gain and type or weaning weight, 
and type in the best linear equation, was concluded to be preferable to 
selecting on the basis of either growth or type singularly. 
Swiger and Hazel (l96l) constructed a series of indexes based on 
traits in beef cattle. The traits considered were birth weight, weaning 
weight, and the gains made in feed-lot in five successive 28-day periods 
following weaning. Economic values for the different traits were not in­
cluded in the indexes. Based on the high genie covariance found in this 
study, the authors concluded that, to a large degree, the same genes 
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affect gain in weight of beef cattle during different parts of the growing 
period up to one year of age. This suggests that selection for weight at 
one year of age may be made early in the animal's life with little loss of 
efficiency. Comparing the correlations between the aggregate genotype and 
the various indexes indicated that an index omitting birth weight and the 
last two 28-day periods was almost as highly correlated to the.aggregate 
genotype as an index that includes all measurements. This indicates that 
a short post-weaning evaluation of about 3 months is adequate for selection 
for weight at one year of age. 
Swiger (1962a) derived a selection index for beef cattle based on 
weaning weight, post-weaning average daily gain, and estimated feed con­
sumption from weaning to 1,000 pounds. The cost of producing a 1,000-pound 
animal was defined in terms of days from weaning to 1,000 pounds and feed 
consumed from weaning to 1,000 pounds. The feed consumed was expressed in 
terms of TDN. In this study, an index that considered feed consumption 
alone was as efficient as an index that considered all these traits. Re­
sults of this study indicate that selecting for weaning weight alone would 
result in considerable loss of accuracy compared to selection for all 
three traits. 
Wilson e^  (1963) considered adjusted weaning weight, initial 
conformation score at beginning of drylot feeding period, final conformation 
score at end of drylot feeding period, and daily gain for the drylot 
feeding period in constructing selection indexes for beef cattle. The 
average length of the feeding period was about 250 days. An index based 
on all four traits was theoretically capable of predicting the aggregate 
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genetic value of an animal 0.67 as accurately as a perfect index (true 
"breeding value). An index considering only weaning weight and daily gain 
during the feeding period was about 0.90 as efficient as one considering 
all traits, while daily gain alone was about 0.78 as efficient ,as the 
latter. 
Kincaid. (1955 ) constructed an arbitrary total score index that gave 
equal emphasis to average daily gain from birth to weaning and weaning • 
type score. He reasoned that the ratio of the b (constants) values that 
would give equal emphasis to a standard deviation of improvement in each 
trait would simply be: 
V l =  V 2  
He estimated the standard deviation of daily gain to weaning to be 
one-fourth of a pound per day (a^ ), and two grade points (two-thirds of a 
Federal grade) to be the standard deviation of weaning type score (og), 
and the relative emphasis to be eight to one. This index was discussed by 
Marlowe and Kincaid (1955) and is presently being used by many beef 
cattle improvement associations and experimental herds in the Southeastern 
states as a basis for selecting replacement animals and culling cows on 
the basis of performance. 
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SOURCE MD DESCRIPTION OF THE DATA 
Production Data 
The data used in this study were collected from the Angus and 
Hereford herds of the Tennessee Agricultural Experiment Station. Two 
branch stations (Alcoa and Greeneville) and the Main Station are located 
in East Tennessee while two branch stations (Columbia and Springfield) are 
located in Middle Tennessee and one (Ames Plantation) is located in West 
Tennessee. The data used in this study include all the spring calves on 
which records are available that were weaned in these herds during the 
years 1957 through 1964. Weaning records were obtained on 1,057 Angus and 
1,690 Hereford calves. 
Most of the purebred herds used in this study were established in the 
early fifties. Grade herds existed at most stations before then. These 
grade cattle were gradually phased out of the herds during the early fifties 
and replaced by purebreds. By the mid-fifties the grade cattle at most 
stations had been replaced completely. During this period dwarfism occurred 
in several herds. To eliminate dwarfism, a program was started whereby 
all animals producing dwarfs and their close relatives were gradually 
culled from the herds and replaced by animals that were believed to be 
free of dwarfism from studies of their pedigree. This practice is still 
being followed in all herds. 
A brief history on each herd is given below. 
Alcoa: This herd was established in 1950 to study the effects of 
pastures contaminated by fluorine from gases given off from an aluminum 
I 
smeltering plant. Some 40 grade Hereford and Angus females were bought 
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locally in 1950. In the fall of 1951> about 80 purebred Hereford cows and 
60 calves were purchased from sources in Texas along with a few grade 
Herefords. In the fall of 1953 approximately 40 purebred Hereford heifers 
purchased in Kansas were added to this herd. By the middle fifties 
several dwarfs had been bom in this herd and a program was initiated to 
phase these animals and their relatives out of the herd. Also, the grade 
cattle have been culled gradually. 
Ames: This herd consisted of around 250 purebred and grade Angus 
cows and a few grade Hereford cows when it was taken over by The University 
of Tennessee in 1955. The frequency of dwarfism in this herd was rather 
high and a program was initiated immediately to cull the known dwarf 
carriers, their relatives, and the grade Angus. To accelerate this pro­
gram, about l40 purebred Angus cows and heifers were purchased in 1955 
from several sources in Tennessee. However, most of these animals came 
from the purchase of one entire herd. By 1964 almost all animals in the 
herd traced back to purchased cattle. 
Columbia—Middle Tennessee Experiment Station: This herd was 
established from the purchase of 10 purebred Hereford females from Nebraska 
in 1951 and the purchase of 20 purebred Hereford females in Texas in 1952. 
Ten purebred heifers purchased in Texas were added to the herd in 1958. No 
dwarfs have occurred in this herd. However, cows having blood lines in 
which dwarfs have occurred have been gradually culled out of the herd 
along with their offspring. 
Greeneville—Tobacco Experiment Station: This herd was originally 
founded in 1951 with purchases of purebred Hereford females from Wyoming 
(WHR), Nebraska, and local herds. The frequency of dwarfism was rather 
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high and in 1957 and 1958 the entire herd was disposed of and replaced 
with about 40 registered polled Herefords purchased in Texas.. Thirty 
additional polled Herefords were transferred from the Oak Ridge herd. 
Khoxville—Blo.unt Farm; The Angus herd at this location was 
established in the early thirties. However, some females have been added 
over the yeafs and outside bulls have been used extensively at this, loca­
tion. No dwarfs have been produced in this herd. 
Springfield—Highland Rim Experiment Station: The history of this 
herd is similar to the Columbia herd except the original cattle came 
primarily from local sources. A few were obtained in Wyoming (WHR) and a 
few came from Nebraska. The Angus herd at Crossville (Plateau Experiment 
Station) and the Oak Ridge Hereford herd were not included in this study. 
Considerable inbreeding has been practiced in the Crossville herd and these 
data are being analyzed in another study. The Oak Ridge cattle have been 
subjected to varying amounts of irradiation in studies at that location. 
None of the herds have been closed to outside breeding. In most cases 
bulls used in a particular herd are produced at a different, station or 
purchased from an outside source. In some cases where there are several 
breeding herds at a station, a bull may be used at the station on which he. 
is raised. Most of the bulls used come from station herds and all have been 
performance-tested at the Main Station in Khoxville. Outside bulls are 
used less now than in past years. 
The management of the cow herds was similar at all stations. The cows 
were maintained on pasture the year round and fed hay and protein supple­
ment as required during the winter months. The pastures consisted primarily 
of varying combinations of fescue, orchardgrass, and ladino clover. Bermuda 
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and bluegrass were prevalent in some pastures in East Tennessee. Lespe-
deza was prevalent in some of the pastures of the Middle Tennessee 
Experiment Station and was an important forage at Ames Plantation. The 
normal grazing season in Tennessee is usually from mid-March to mid-
December. 
For breeding purposes, the cows were stratified-randomly into 
breeding groups on the basis of age and past performance records. The cow 
herds of Columbia, Greene ville, and Springfield were bred to calve in the 
spring only. The cows in herds at the other three locations calved pri­
marily in spring, although some fall calving was practiced in these herds. 
All cows were pasture-bred in single-sire herds. The breeding season was 
limited to 90 days in most herds. Spring calves were bom primarily during 
January, February, and March, while fall calves were born in September, 
October, and November. 
The cows within a station were handled as uniformly as possible. At • 
the end of the breeding season, the cows were usually re-randomized into 
larger herds and these herds were rotated among the various pastures. None 
of the cow herds were intentionally subjected to any type of treatment that 
would produce differences in the performance of their calves to weaning. 
Culling of cows has been primarily on factors other than their performance 
records. These factors include dwarfism, non-pregnancy, age, sickness, 
injury, and temperament. During the period of this study these herds have 
been used primarily to evaluate performance-tested bulls. 
Creep feeding was practiced at the Highland Rim Experiment Station 
during the years 1961 through 196b. Half of the calves were creeped and 
half were not. There was no significant difference between the creeped 
and non-creeped calves. Their average daily gains over the. period were 
almost identical. The non-creeped calves gained more rapidly in some 
years than did the creeped calves. All calves at the Middle Tennessee 
Experiment Station were creeped during the. years 1962 through 196U. 
Data recorded at birth included birth date, birth weight, sex, sire, . 
and dam of calf. Weaning data included weaning weight, weaning type score, 
and weaning condition score. Weaning data on spring calves were usually 
recorded in late September or early October; however, it was usually in. 
late October or early November when the calves were actually weaned. This 
allowed time for an index based on rate of gain and type score to be com­
puted in order that selection of bull calves to be performance-tested could 
be made at actual weaning. In addition to these data, the calves at most 
stations were usually weighed and graded at about 130 days of age. Average 
age at preweaning and weaning are given in Table.U. 
All calves were graded by two or more.staff members of the Animal 
Husbandry Department of The University of Tennessee. Each grader worked 
independently and usually the same graders scored calves at all locations. 
Federal-State standards for grades of feeder cattle were used as a basis of 
the grading except that each standard grade was subdivided into thirds. 
Each calf was classified as being in the upper, middle or lower third of 
the grade. The grades were coded by giving a numerical value of 10 to 
middle good and adding or subtracting one (l) for each one-third of a grade 
above or below. The coded scores of each grader were averaged to the 
nearest one-tenth of a grade point (l/30th of a grade). The complete 
numerical code is shown as follows: 
35 
Table it. Average age at preweaning and weaning in days 
Station Sex 
No. 
calves Preweaning Weaning 
Knox M 100 109 227 
F 96 114 232 
Alcoa M 352 128 230 
F 336 127 229 
Greeneville M 163 124 220 
F 165 - 129 222 
Springfield M 135 116 223 
F 126 118 229 
Columbia M 186 130 227 
F 196 133 229 
Ames M U25 134 240 
F 467 134 238 
Overall 2,747 128 231 
17 Fancy plus 11 Good plus 
ID Fancy 10 Good 
15 Fancy minus 9 Good minus 
ih Choice plus 8 Medium plus 
13 Choice 7 Medium 
12 Choice minus 6 Medium minus 
The data include the preweaning and weaning records of 2,7^ 7 calves 
raised at six locations (Knoxville, Alcoa, Greeneville, Springfield, 
Columbia, and Ames Plantation) during the years 1957 through 1961t. All 
calves were bom in either January, February, March or April. As pre­
viously mentioned, a few calves were bom in the fall at three locations. 
However, the management of these varied considerably from year to year. 
Therefore they were not included in this study. 
The data on each calf were complete with respect to location, year, 
breed, calf number, sex of calf, birth weight, birth date, sire number. 
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breed of sire, dam number, breed of dam, birth date of dam, preweaning 
weight, date of preweaning, weaning weight, weaning type score, and wean­
ing date. This information was punched on a card for each calf. 
Eight variables were selected from the data for studying. They were 
(l) birth weight (BW), (2) preweaning weight (PW), (3) weaning weight (WW), 
(4) gain from preweaning to weaning (GPW), (5) average daily gain birth 
to preweaning (AGBP), (6) average daily gain birth to weaning (AGBW), 
(T) average daily gain preweaning to weaning (AGPW), and (8) weaning type 
score (WTS). 
The distribution of the calves by location, year, and sex is given 
in Table 5, while the distribution by location, sex, and age of dam in 
years is given in Table 6. 
The means of the unadjusted data for the eight dependent variables are 
given in Table 22 of the Appendix. These are given within location, year, 
and sex. The overall mean and standard deviations for the eight dependent 
variables are given in Table 7» 
Economic Data 
The relative economic values for rate of gain and type score were 
estimated from yearly reports of Cooperative Feeder Calf Sales in Tennessee. 
The data were collected over the S-yeçir period 1957 through 1964 and include 
143,917 calves. All sales were held in the fall during the months of 
September and October. The number of sales increased from 15 in 1957 to 
22 in 1964, while the number of calves graded and sold increased from 6,7^ 7 
in 1957 to 32,145 in 1964. Calves that did not meet regulations set by 
the Tennessee Livestock Association with respect to parentage, weight. 
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Table 5. Distribution of calves by location, year, and sex 
Year 
Location Sex 
57 58 59 60 61 62 63 64 Total 
Khoxville M 11 11 15 9 9 13 18 14 100 
F 12 lU 13 9 l4 9 13 12 96 
Alcoa M 1+2 1+3 U7 5k  51 56 34 25 352 
F 47 50 51 k2  67 38 35 37 367 
Greeneville M 10 18 18 18 18 29 21 31 163 
F 22 19 15 11 35 18 25 20 165 
Springfield M 13 13 9 21 16 18 18 27 135 
F 9 8 13 11 22 20 21 22 126 
Columbia M 20 17 25 22 27 25 22 28 186 
F 16 25 20 2k  26 27 24 34 196 
Ames M 29 32 66 61 73 39 76 49 425 
F 28 k l  54 66 53 60 66 62 436 
Total 259 297 346 348 4ii 352 373 361 2,747 
quality, dehorning, castration, etc., were not graded and were sold as odd 
lots. The percentage of odd lot calves has become smaller each year, de­
creasing from approximately 15 per cent in 1958 to less than 6 per cent in 
196k .  
The sales represent all geographic areas of Tennessee. For example, 
in 1964 seven sales were held in East Tennessee; seven were held in the 
plateau region between East and Middle Tennessee; three were held in 
Middle Tennessee, and five were held in West Tennessee. 
At each sale.the calves were penned into groups by breed, sex, type 
grade, and weight. There were two breeds, Angus and Hereford; two sexes, 
steers and heifers; three grades, fancy and choice, good, and medium; 
weight groups were in 50-pound increments from 300 to 65O pounds. Fancy 
and.choice calves were penned together because of the small number of 
Table 6. Distribution of calves by age of çLam 
Age of Location . Year 
Dam Knox Alcoa TES HRES MÏES AMES 57 58 59 60 61 62 è3  èh  
2 21 6l 57 32 44 115 4l 47 51 45 38 37 50 21 
3 26 ll6 66 50 56 148 46 64 59 51 84 46 47 65 
k  27 ll6 47 39 66 122 49 40 67 58 49 59 52 43 
5 22 98 39 39 50 102 30 42 37 47 57 40 48 49 
6 18 98 37 22 39 87 34 23 42 35 42 40 36 49 
7 l6 66 27 25 35 63 21 26 17 35 38 29 40 26 
8 19 49 30 2k  30 52 11 25 33 14 35 28 27 31 
9 11 38 10 9 20 52 3 9 16 28 15 26 18 25 
10 8 27 6 7 18 42 7 U 9 15 26 10 19 18 
11 9 23 6 5 11 22 4 7 1 5 16 20 7 16 
12 8 l6 1 h 7 24 8 3 9 5 5 13 12 5 
12+ 11 11 2 5 6 32 5 7 5 10 6 4 17 13 
Total 196 719 328 261 382 861 259 297 346 348 4ll 352 373 361 
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Table T. Means and standard deviations for the dependent variables 
Trait Mean Standard deviation 
Birth weight 65.2 11.2 
Preweaning weight 276 67.6 
Weaning weight UU7 75.9 
Gain - preweaning 
to weaning 172 46.0 
Preweaning average 
daily gain 1.65 .295 
Weaning average daily 
gain 1.66 .247 
Average daily gain 
preweaning to weaning 1.66 .337 
Weaning type score 12.0 1. 3h 
fancy calves. All calves were graded by graders from the Tennessee 
Department of Agriculture. All the calves penned together as previously 
outlined were sold as a group at auction to the highest bidder. 
The Animal Husbandry Agricultural Extension Service specialists 
assisted with each sale and each year they compiled a summary of all 
sales. These summaries were made within grade and sex. They include 
the number of calves, their average weight, and the average price per 
hundredweight. A tabulation of these summaries for the years 1957 
through 196U is given in Table 8. 
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Table ,8. Feeder calf sales (steers) 
No. Average Average 
Grade Year head weight price/cwt 
Fancy and 1957 961* 465 24.83 
choice 1958 1,540 471 32.78 
1959 1,549 470 31.81 
I960 1,464 456 26.52 
1961 2,298 477 28.19 
1962 2,566 467 30.76 • 
1963 4,239 486 26.41 
196k 4,4l8 467 22.96 
Total 19,038 3,759 224.26 
Average 470 28.03 
Good 1957 2,390 475 23.54 
1958 3,430 479 31.09 
1959 4,665 467 29.99 
i960 4,913 460 25-46 
1961 5,603 479 26.79 
1962 8,215 457 29.54 
1963 10,362 470 25.97 
196 k 10,464 456 22.19. 
Total 50,042 3,743 214.47 
Average 468 26.77 
Medium 1957 813 471 21.36 
1958 1,104 486 28.38 
1959 2,425 468 27.25 
i960 2,347 476 23.54 
1961 2,227 480 24.81 
1962 3,631 462 27.09 
1963 4,075 471 24.52 
1964 4,273 452 20.25 
Total 20,895 3,766 196.20 
Average 471 24.53 
Grand Total 89,975 
Average 470 26.46 
1+1 
Table 8 (Continued) Feeder calf, sales (heifers) 
No. Average Average 
Grade Year head weight price/cwt 
Fancy and 1957 465 423 21.43 
choice 1958 715 431 30.25 
1959 622 435 28.41 
I960 481 426 25.33 • 
1961 894 439 26.31 
1962 987 438 27.62 
1963 1,443 446 24.80 
196U 1,458 433 20.39 
Total 7,065 3,471 204.54 
Average 434 25.57 
Good 1957 1,446 425 20.45 
1958 2,108 422 28.19 
1959 2,819 421 26.94 
i960 2,600 424 23.10 
1961 3,087 436 25.10 
1962 4,511 422 26.00 
1963 5,424 431 23.47 
1964 5,803 427 19.07 
Total 27,798 3,408 192.32, 
Average 426 24.04 
Medium 1957 669 436 18.68 
1958 866 435 25.51' 
1959 2,407 423 24.87 
i960 2,240 428 21.28 
1961 1,912 435 22.97 
1962 3,245 4iO 24.05 
1963 3,859 424 21.93 
1964 3,881 420 17.15 
Total 19,079 3,411 176.44 
Average 426 22.06 
Grand Total 53,942 
Average 429 23.89 
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METHODS OF ANALYSIS 
Environmental Effects 
The review of literature points to the need of evaluating the average 
effects of various environmental factors which influence preweaning and 
weaning data. The factors of primary concern are location, year, breed, 
sex, age of calf, season of birth, age of dam, management regime, inbreed­
ing of dam, and inbreeding of calf. 
Because of the scarcity of repeat matings in the data and having only 
one breed at a location, farm, year, and breed effects were confounded. As 
previously pointed out, all calves were bom during a U-month period. This 
eliminated the need to adjust for season of birth. Inbreeding of dam and 
inbreeding of calf were assumed to be negligible at each location while the 
effect of management regime, where measurable, was negligible. Therefore, 
these factors were also omitted from the study. Thus, the environmental 
factors considered in this study were (l) sex of calf, (2) age of dam, and 
(3) age of calf. 
In most instances male calves remained bulls until after weaning. 
Therefore, only two sexes were included in the analysis. Age of dam was 
classified into half-year intervals for between 2 vrA 1? years. All 
dams over 12 years of age were classified into one group. The number of 
dams in the latter group was limited and these cows were undoubtedly 
highly selected. Age of calf was expressed as a deviation from the farm-
year-breed mean age of calves when a particular measurement was taken. 
The distributions for the independent variables are either discon­
tinuous (discrete) or continuous. A factor would be considered as having a 
discontinuous distribution if the classes are few or if there is no logical 
order for arranging the classes within ..the factor. Obviously , the dis­
tinction is somewhat arbitrary. However, in this study, the factors sex 
of calf and age of dam were considered as having discontinuous distributions, 
while age of calf was considered to have a continuous distribution. 
The presence of unequal subclass frequencies in these data require 
that all different levels of the independent, factors be considered simulta­
neously when calculating the average effects of each factor. The dispropor­
tionate subclass numbers contribute to the confounding of the different 
factors, and this could result in biased estimates made from the class or 
subclass totals. 
Henderson (1952) lists, discusses, and illustrates three methods for 
estimating variance components in non-orthogonal data. The procedures for 
the three methods described are: 
1. Compute sums of squares as in the standard analysis of variance 
of corresponding orthogonal data. Equate these sums of squares 
to their expectations obtained under the assumption of Model II 
and solve for the unknown variances. 
2. Obtain least squares estimates of fixed effects, "correct" the 
data according to these estimates of the fixed effects, and 
then using the corrected data in place of the original data, 
proceed as in Method 1. 
3. Compute mean squares by a conventional least squares analysis 
of non-orthogonal data (method of fitting constants, weighted 
squares of means, e.g.). Equate these mean squares to their 
expectations and solve for the unknown variances. 
According to Henderson, Method 1 leads to biased estimates if certain 
elements of the model are fixed or if some of them are correlated. 
Estimates obtained by Method 2 are free of the first of these biases but • 
not of the second. Method 3 yields unbiased estimates, but unless the 
k k  
number of classes is small, the computations required are prohibitive. 
The method of analysis chosen for this study was that of least 
squares. The principle of least squares is that of minimizing the sum of 
squared errors. The "basic principles of this type of analysis are given 
in a theorem by Markoff, and are.as described by Kempthorne (1952) and 
Harvey (196O). 
Following the principle outlined by the Markoff Theorem, each 
dependent variable—say y^  where a = 1 to n—is distributed with constant 
variance and uncorrelated errors around a linear function, say B P. + 
"i ^  
B Po + + B P . The B are known coefficients and the P. are 
»a 2 «3 s 
unknown constants. Thus, the prediction equation or mathematical model 
has the form Y = Z.B P. + e . The estimates of the unknown constants 
a i 1 a 
P. are those values which minimize the sum of squares or the sum of 
2 2 
squared errors of the prediction equation Q=Ie = Z (Y -Z.B P.). 
^  a a a a i a ^ i  
The methods of obtaining estimates for the unknown constants and the 
statistical properties associated with these estimates have been defined, 
discussed, and outlined by Kempthorne (1952) and Harvey (1960). 
A preliminary least squares analysis of variance was made to determine 
2 the importance of age, age , and various environmental interactions. The 
model included an effect for year, location, sex of calf, age of dam, age 
2 
of calf, (age of calf) , and various two-way interactions. The year by 
location interaction was the only interaction that had an appreciable 
effect on the reduction in sums of squares. The sex of calf by age-of-dam 
interaction was significant (P <.05) for some of the dependent variables 
(the largest "F" value was 2.75). However, the reduction in sums of 
squares due to this effect was negligible. As would be expected, age of 
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calf.had an appreciable effect on preweaning and weaning weights. It also 
had a significant (P < .01) effect on type score. Thé effect of age of 
2 
calf on the other dependent variables was negligible. The effect of age 
2 
was negligible on all the dependent variables. The R values for the 
entire model and various effects in the model are given in Table 9. 
2 Table 9. B values due to various factors 
Dependent^  
variable 
Entire 
model 
Loc. X 
year 
Sex X Age 
of dam 
2 Age 
BW .315 .034 .003 .001 
PW .779 .037 .003 .001 
WW .607 .078 .005 .001 
GPW .589 .253 .004 .006 
AGBP . 366 .113 .004 .001 
AGPW .407 .084 .005 .000 
AGPW .345 .088 .005 .002 
WTS .246 .04l .004 .000 
BW - Birth weight 
PW - Preweaning weight 
WW - Weaning weight 
GPW - Gain preweaning to 
weaning 
AGBP - ADG Birth to preweaning 
AGBW - ADG Birth to weaning 
AGPW - ADG Preweaning to weaning 
WTS - Weaning type score 
Based on the preliminary analysis, two models were used to describe 
the data for least squares analysis. Before performing, least squares 
analysis, preweaning and weaning weights were standardized to 130 days and 
230 days, respectively. These ages are very near the overall mean of 128 
days and 231 days, respectively, for the two weights. The adjustments for 
both weights were made as follows: 
adj. weight = standard age + birth wt. 
46. 
No other adjustments were made on the data prior to least squares analysis. 
Least squares analyses were made within year and location for the 
eight dependent variables. The model used to describe all the production 
traits except type score was as follows: 
'ijk = " + + =ijk 
where: 
Y.., = the calf in the j^  ^sex and the i^  ^age of dam for a 
particular observation 
u = the overall mean where equal numbers exist in the subclasses 
(balanced case) 
= the effect of the i^  ^age of dam 
sj = the effect of the sex 
e . =  a  r a n d o m ,  i n d e p e n d e n t  e r r o r  a s s o c i a t e d  w i t h  t h e  p a r t i c u l a r  
 ^ observation. 
The model used to describe type score was as follows: 
?ijk = ° + *1 + " njk 
where ; 
Y = the observation of the calf from sex and the i^  ^
age of dam for type score 
a = intercept of type score with age-of-calf axis 
a^  = effect of the age of dam 
Sj = effect of the j^ s^ex 
b = regression of type score on age of calf 
c. = age of k^  ^calf of sex out of the i^  ^age of dam 
1 jk 
e. , = a random, independent error associated with the particular 
observation. 
U7 
In order to apply least squares, it was assumed that the summed 
2 to zero, had similar variance (CT )^ and were uncorrelated. It was also 
assumed that effect of a change in position with regard to one classifica­
tion was the same, regardless of the position of the calf with respect to 
the other classifications. 
There were 15 least-squares equations with 7 right heuid sides (one. for 
each dependent variable) in the first model. These resulted from the 2 
sexes, 12 age-of-dam classifications, and u. Similarly, there were l6 
least-squares equations with one right hand side for the second model. For 
each dependent variable the coefficients of the least-squares equations for 
the independent variables sum to the u equation. This was true for the. 
right and left hand sides of the matrices. Therefore, the matrices are 
said to be singular and do not have an inverse. According to Kempthome 
(1952), they represent a hypothesis not of full rank. 
Unique solutions from the above least-squares equations can only be 
obtained by imposing conditions on the constants being estimated. The more 
common "restrictions used are discussed by Kempthome (1952) and Harvey 
(i960). Kempthome (1952) discussed three methods: (l) sum of the 
effects of constants equal to zero (E^ a^  = 0), (2) reparameterization, 
and (3) augmentation. Harvey (196O) discussed the two most common types 
used in the analysis of animal research data. These restrictions are: 
(1) the sum for a set of constants is equal to zero (Z^ a^  = O), and (2) 
assume one of the effects for a set of constants, say is equal to zero. 
The symmetry of the reduced normal equations is maintained in all 
restrictions discussed by both authors. 
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A multiple regression program designed for the IBM "7040" computer 
at The University of Tennessee Computer Center was used to invert the 
matrix and estimate the parameters. Using this program, the sum of the 
constants for each classification is set equal to zero, i.e., = 
E.s. = 0. Applying these restrictions, the original 15 least-squares 
J J 
equations in the first model were reduced to 13 independent equations from 
which the necessary estimates of constants were made. Similar restrictions 
were made on the second model. 
In the restrictions, the last sex and age-of-dam classification was 
subtracted from each of the other levels within the respective factor. 
Thus, the last sex and age-of-dam constant is equal to the negative sum of 
the remaining constants within each factor. In a similar manner, the 
standard.errors for these constants were obtained from the variances and 
oovariances of the other factors, and the remainder mean square from the 
analysis of variance. 
Tests of significance and confidence intervals may be computed for 
estimates of the independent variables if the errors associated with the 
mathematical model are normally distributed, have an expectation of zero, 
are uncorrelated, and have a common variance. 
Harvey (i960) obtained the sum of squares for a given set of 
estimates by b^ Z \ where: 
b^  is a row vector of the estimates for a given set of independent 
variables, 
Z~^  is the inverse segment of the inverse of the variance-covariance 
matrix corresponding, by row and column, to the respective set of 
estimates for the independent variables, and 
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b is a column vector of the estimates for a given set of independent 
variables. 
Kençthome (1952) obtained the sum of squares for a set of estimates 
of independent variables by differences. By this method, the sum of 
squares for any of the eight dependent variables associated with a given set 
of independent variables, say for example age of dam, would be: R [age of 
dam] = R [all independent variables] - R [all independent variables ignor­
ing age of dam]. In this notation, R [] is called the "additional" reduc­
tion due to the indicated factor above the reduction obtained through 
correlated effects with other sets of independent variables. In these 
data, only the additional reduction due to a set of independent variables 
was desired, and this will be referred to as the sum of squares for the 
particular set of independent variables. 
The methods suggested by Kempthorne (1952) and Harvey (i960) give the 
same results with the possible exception of rounding errors. The method 
presented by Kempthorne (1952) was used to obtain the sum of squares for 
the dependent variables due to the different set(s) of independent factors. 
The constants or regression estimated for the various dependent 
factors were used to correct the original observations of the dependent 
variable. The general formula for a corrected observation of the dependent 
variable is of the form Y' = Y -
Heritability 
The breeding value of an individual is the sum of the average gene 
effects possessed by the individual. However, only the phenotypic v^ lue 
of an individual can be measured directly. Therefore, the success in 
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changing the characteristics of a population by choosing individuals to be 
parents according to their phenotypic values can be predicted from a 
knowledge of the degree of correspondence between phenotypic measurements 
and breeding values (Falconer, I960). 
The heritability of a metric character is defined as the ratio of the 
additive genetic variance to phenotypic variance: 
2 The customary symbol h stands for the heritability itself and not for 
its square. 
Lush (19^ 8) defined heritability in both a broad and narrow sense, 
The functioning of the whole genotype is meant when heritability is used in 
the broad sense. The term is used this way when contrasting hereditary 
with environmental effects. The narrow definition of heritability includes 
only the average (additive) effects of the genes in a particular popailation. 
Heritability in the broad sense includes the non-linear gene effects 
associated with dominance, epistasis, and interactions of heredity and 
environment. In the narrow sense, only the genie or additive variance is 
included in the fraction. Heritability in the broad and narrow senses may 
be expressed as shown below: 
Broad sense : 
2 _ H ^  G + D + I 
P  G + D + I + E + E H  
Narrow sense : 
2 ^  G G 
P ~ G + D + I + E + E H  
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where: 
P is the observed phenotypic variance 
H is the total hereditary variance 
G is the genie or additive variance 
D is the variance due to dominance 
I is the variance due to epistasis 
E is the environmental portion of the variance 
EH is the variance due to the interaction between heredity 
and environment. 
Depending on the method used, an actual numerical estimate of 
heritability is usually between the narrow and broad definitions, almost 
always including a little of the epistatic variance and sometimes a little 
of the dominance variance. It may include all, part, or none of the 
variance caused by the non-linear or joint effects of heredity and en­
vironment (Lush, 1948). 
There are several methods of calculating heritability, and all are 
based on resemblances among relatives of known relationship as compared 
to the resemblances among nonrelatives. The regression of offspring on 
one parent, regression of offspring on mid-parent, correlation between half 
sibs, and correlation between full sibs are some of the more common methods 
used. These methods and others are discussed by Lush (19^ 8), Kempthorne 
(1957), and Falconer (i960). 
Weaning information was available on some of the sires and a few of 
the dama of the calves used in this study. Preweaning data were available 
on still fewer parents. Consequently, the use of parent-offspring method 
would seriously limit the number of calves in the study. Also, as pointed 
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out previously", year differences could not be accounted for reliably. 
Therefore, the heritabilities of the various preweaning and weaning traits 
were estimated from the adjusted data by the paternal half-sib method. 
This method has been applied to similar data by many workers, e.g. , Shelby 
(1955), Carter and Kincaid (l959a), Lehmann et (1961), Swiger et al. 
(1962a), and Brinks e^  (1964). 
The heritability estimates were obtained from paternal half-sib 
comparisons as: 
h^  = 
s e 
where : 
2 is the estimate of the component of variance for "between sires" 
2 8 is the estimate of the component of variance for "between calves 
® within sires." 
The theoretical relationship between the observational components and 
heritability are given by Fisher (1936) and Snedecor (1946). The estimates 
2 2 
of the observational components (c^  and a^ ) were computed from analysis of 
variance by a method given by Snedecor (1946) as follows: 
Degrees of Expected 
freedom 
Between sire progenies n - 1 2 ^  , 2 "a 1=0 's 
Between calves within 2 
sire progenies Ek^  - n °e 
Total Zk^  - 1 
Difference 
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where : 
n is the number of sires 
is the number of offspring for the i^  ^sire 
is the average number of progeny per sire 
2 2 Og and Og are as given previously. 
Where the sire effects are considered to be randomly distributed and when 
paternal half-sib comparisons are estimated from a random mating population, 
2 is expected to contain three-fourths of the genie plus all of the 
2 
environmental variance and a is expected to include one-fourth of the genie 
s , • 
variance (Hazel et , 1943; Lush, 1948; Kempthorne, 1957; Falconer, I960). 
Falconer (i960) interpreted and summarized the covariance and genetic 
components estimated by the observational components of variance in a sib 
analysis. 
2 2 
From the above definitions, is expected to estimate the 
2 phenotypic variance (genie plus environmental variance) and 4 estimates 
the genie variance. The difference betwéen the two expected mean squares 
is k times the sire component of variance, where: 
1 Zk^  
k = (Zk - rr—) (Snedecor, 1946) 
o n " X 1 £ 
where : 
n is the number of sires 
k^  is the number of offspring for the i^  ^sire. 
Heritability estimates were computed as follows; the difference 
between the two mean squares (between sires minus within sires) divided by 
k^  and multiplied by four gives the numerator of the paternal half-sib 
5h  
formula. The expected mean square for between sires plus the expected 
2 2 
mean square for within sires (a^  + o^ ) forms the denominator. 
The accuracy of heritability estimates from half-sib data depends on 
the number of degrees of freedom for sires ^ d to a lesser extent on the 
number of offspring per sire. It also depends on the absence of environ­
mental correlations among the half-sibs relative to the non-sibs, and on 
the absence of selection among sires. The method is theoretically valid if 
the sires can be considered a random sample of some unselected population 
and environmental effects are randomized within progeny groups (Lush, 1948). 
The degrees of freedom for sires and the average number of offspring 
per sire appear to be sufficient for reliable heritability estimates. Using 
the paternal half-sib method and analyzing the data on an intra-year and 
intra-herd basis minimized environmental correlations. There was some 
selection practiced among the sires, and this would tend to reduce the size 
of the heritability estimate. 
The standard error of heritability as defined by Fisher (1936) and 
extended by Osborne and Patterson (1952) to apply to estimates from a 
paternal half-sib analysis was computed by the following formula: 
. , * v:' 0, = 4 — 
(a^  + 0^ )2 •i/2k (Zk. - k - n + l) 
es o 1 o 
where : 
is the standard error of the heritability estimate 
2 2 
a , o , k , and n are as previously described, 
e' s' o' 
55 
Genetic Correlations 
The association between two characters that can be directly observed 
is the correlation of phenotypic values or the phenotypic correlation. 
This is determined from measurements of the two characters in a number of 
individuals of the population. The phenotypic correlation includes the 
correlation between breeding values or the additive genetic correlation, 
the correlation between environmental deviations, and the correlation 
between the non-additive genetic deviations. For computation purposes, the 
last two components are usually combined into one. 
A genetic correlation measures the tendency of two traits to vary in 
the same or opposite directions due to the same genes or gene combina­
tions. Expressed algebraically, it is the ratio of the genetic covariance 
between the two traits and the product of the square root of their genetic 
variances. The formula may be written as: 
r 
where : 
cov is the genetic covariance between the two traits 
1^^ 2 
a a is the product of the genetic standard deviations 
*1 *2 for the two traits. 
In the analysis of half-sib data, the covariance term in the above formula 
can be computed as the sire component of covariance between the two traits 
and the standard deviations can be computed as the square roots of the sire 
components of variance for the two traits. The variance and covariance 
components are estimated by analysis of variance similar to that described 
in the preceding section. Hazel (19^ 3) and Hazel et al. (l9^ 3) gave the 
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analysis of variance as presented below. 
The adjusted data were used to calculate the above components. In 
fitting these components to the genetic correlation formula, the differ­
ences between the two components of variance and covariance (between sires 
minus within sires) found in the analysis, each divided by k^ , are expected 
to contain 25 per cent of the genetic variance and covariance, respectively. 
Source Degrees Mean square Covariance Mean square 
freedom 
Between 2 2 2 2 
sire n - 1 a + k a cov + k cov a + k o 
e OS e OS e os 
progenies x^  x^ x^  x^ xg x^  Xg 
Within 2 2 
sire Ek.-n a cov a 1 e e e 
progenies x^  x^ xg Xg 
Total Zk - 1 
2 2 
Difference k_a k cov_ k a  
o s o 8 o s 
*1 12 *2 
where : 
is the number of sire progenies 
k^  is the number of calves for the i^  ^sire progeny 
x^  is trait 1 
Xg is trait 2 
k^  is the average number of calves per sire 
2 
a is the variance component due to calves within sire progenies 
®Xj^  for trait 1 
2 0 is the variance component due to calves within sire progenies 
X^g for trait 2 
5T 
2 
a is the variance component due to differences between sire 
progenies for trait 1 
2 
a is the variance component due to differences between sire 
progenies for trait 2 
cov is the covariance component due to calves within 
x^^ xg sire progenies between traits 1 and 2 
cov is the covariance component due to sire progeny 
x^^ xg differences between traits 1 and 2. 
Each of these components is thus multiplied by four in order to get 
the proportion of variance due to the additive genetic effects, 
Relative Economic Values 
The relative economic value of a trait measures the amount by which 
income is expected to increase for each unit of increase in that Jbrait. In 
this study the weight and rate of gain measurements were measured in units 
of pounds, while type score at weaning was measured in units of one-third -
of a grade. 
The value of a pound increase in weight was estimated by finding the 
average price per pound paid for all calves sold in the 8-year period 1957-
196k at feeder calf sales in Tennessee, this was computed by taking the. 
total value of all calves (male and femalê) sold and dividing by the total 
number of pounds. 
As pointed out earlier, weaning weights were standardized to 230 days 
of age. Since this age is very near the; mean age (Table 4) when the 
! 
measurement was taken, it was used as a basis for estimating the value of 
a unit increase in rate of gain from birth to weaning. Thus each unit 
(pound) increase in rate of gain would amount to 230 pounds at weaning. 
This value was multiplied by the value of a pound.increase in weight to 
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arrive at the value of a unit increase in rate of gain to weaning. 
The value of a unit increase in type score was estimated from the 
average differences in value per hundredweight between the medium, good, 
and" choice feeder calves sold over the 8-year period. These differences 
were weighted by the proportion of calves in these three grades to obtain 
the average increase in value, per hundredweight, for one grade inçrove-
ment. This value was multiplied by the average weaning weight of all 
calves (U50 pounds) expressed in hundreds of pounds and divided by three . 
in order to obtain the average increase in value for a unit increase in 
type grade (one-third of a grade). 
Selection Indexes 
The selection indexes were constructed by using the multiple 
correlation method described by Hazel (19^ 3). Such an index is defined as 
a linear function of the characters, X^ , which has maximum correlation with 
the aggregate genetic value, H, of the individual. The aggregate genetic 
value of an animal is the sum of its several genotypes (assuming a dis­
tinct genotype for each economic trait), each genotype being weighed 
according to the relative economic value of that trait. An animal's 
genotype for a given trait may be defined as the sum of the average (strictly 
additive) effects of its genes which influence that trait. Thus the 
aggregate genotype of an animal may be written as 
H = =ïGl + '•êz * — * 
where the a^  are the relative economic values which measure the amount by 
which profit is expected to increase for each unit change in X^ , and.the 
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are the expected values of the due to additive genetic effects. 
The index appears in the form 
: = Vn-
where the are observed phenotypic values of the traits and the are 
partial regression coefficients. 
Letting the covariance of X^  and Xj equal P^ j(i, j = 1—n), and the 
covariance of and Gj equal G^ j, then 
" l  '  4=11 4=22 * * ^ V2°12 * ' 
"l ° 'Al * *2^ 22 * * ^ 1^^ 2^ 12 * ' 
* '2'2=° V2 * ^ 
>2''1=°\X^  * 
Since cov„ ^  = G.the correlation between I and H is 
GiXj ij 
R =!!!IH = = Il 
IH 0JJ OJ GG OJJ 
The values of the b's, which are the multiple regression coefficients, 
are computed so as to make as large as possible. These values can be 
calculated from n simultaneous equations, 
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1^^ 11 * ^ 2^ 12 """ * 
1^^ 21 2^^ 22 \^2n " J^^ J°2j 
l^^ nl * ^ 2^ n2 h^^ nn " 
The increase in H, aggregate genetic value, expected from truncation 
selection on I is 
E (H-H) = I 
provided I is normally distributed, which reduces to 
E (H-H) =1 01, 
since the regression of H on I, is actually one in this derivation. 
P is the proportion of individuals saved and Z is the height of the 
ordinate of the normal curve at the point at which the area under the 
2 
curve equals the proportion selected; therefore p is the difference in 
standard deviation units between the mean of the selected portion of the 
population and the mean of the population from which the selected portion 
came (selection differential). The expected phenotypic selection 
differential for each X^ , when selection is directly for I, is 
The amount of change in which may be expected to accompany a given 
change in I, when selection is wholly on I, is 
6i 
7 E.bjG., 
E(G^ -G. ) =  ^ J 
The assxanptions involved in the construction of an index are: 
1. = G^  + E^ . That is, any observed traits (X^ ) are the sum of 
average effects of genes (G^ ) plus the combined effects of environment, 
dominance, and epistasis (EL). These two components are additive. 
2 2 2. I and H are normally distributed with variances of a_ and a„. 1 n 
3. The system is linear in the sense that is constant for all 
values of G^ . 
It. The quantitative variables G^  and are linearly correlated. 
The development of an index requires for the solution of the necessary 
equations the following parameters : 
1. relative economic values for the traits considered, 
2. phenotypic and.genetic variances for each trait, and 
3. phenotypic and genetic covariances between each.pair of traits. 
The preceding formulas and discussion are taken from Hazel (19^ 3) and 
Morley (.1950). 
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RESULTS OF THE ANALYSIS 
Least squares estimates of environmental effects 
The least squares estimates and.their standard errors are given in 
Table 10. Least squares estimates of environmental effects were also made 
within breed.. These estimates and their standard errors are given in 
Table 23 of the Appendix. 
2 
The mean squares and R values of the environmental effects are given 
in Table 11. The main effects, age of dam and sex of calf, were highly 
2 
significant (P <.05). The R values were substantially smaller than those 
obtained in the preliminary analysis. The model for the latter analysis 
included the factors age of dam and sex of calf only and the analysis was 
made within year and location after the data were corrected for age of calf. 
While the model for the preliminary analysis included all.these factors 
and the various two-way interactions. 
The least squares estimates were used as adjustments for the 
environmental factors. The means and standard deviations of the adjusted 
data (pooled over years, location and breed) for the various dependent 
variables are given in Table 12. The means and standard deviations by 
breed are also given in Table 12. 
Heritability estimates • 
Estimates of the "between sire" and "within sire" components of 
variance were obtained from analysis of variance of the adjusted data. 
The model used to describe the data was as follows: 
= U.+ a. + s + e 
ijk 
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where ; 
u = the overall mean (balanced case) 
a. = an effect peculiar to the i^  ^breed-location-year 
combination 
s. . = an effect peculiar to the sire in the i^  ^breed-
location-year combination 
e^ j^  = a random, independent element peculiar to each measurement. 
It was assumed.that, except for u, all elements of the model were 
2 2 2 
un correlated variables with means zero and variances, c or a^ . The 
degrees of freedom and the expected mean squares were as follows : 
Source D.F. Expected mean.squares 
A 1+7 0^  + 17.076 0^  + 56.806 
e s a 
S/A 193 + 9.986 
e s 
Error 2506 
e 
Using methods described earlier, the estimates of the "between sire'' 
2  2  
component (o^ ) and the "within sire" component of variance were used 
to compute the heritability estimates of the dependent variables. The 
coefficient of the "between sire" component (9.986) is the average number 
of offspring per sire, described earlier as the value. The herita­
bility estimates and. their standard errors are given in Table 13. 
Correlations. 
The phenotypic and genetic variances for the performance traits and the 
COVariance between these traits were estiihated from analyses of variance 
and covariance of the model given in the preceding section. These 
estimates are given in Table 13. The phenotypic and genetic correlations . 
6 k  
Table 10. Estimates of environmental effects and their standard errors 
Effect • Trait 
Age of 
dam 
BW 
Cnst. S.E. 
PW 
Cnst. S.E. 
WW 
Cnst. S.E. 
GPW 
Cnst. S.E. 
2 -8.03 0.58 -38.31 • 2.14 • -53.41 2.96 -15.09 1.73 
3 -3.21 0.51. -Ik.78 1.87 -24.34 : 2.60 . - 9.56 1.52 
h  0.22 0.53 0.41 1.95 - 3.81 2.70 - 4.22 1.58 
5 1.19 0.57 7.60 2.09 10.72 2.90 3.12 • 1.70 
6 2.15 0.61 12.72 2.22 11.39 3.07 - 1.33 1.80 
7 3.70 0.68 15.30 2.48 23.77 3.43 8.47 2.01 
8 2.49 0.72 14.87 2.62 24.44 3.63 9.57 2.13 
9 -0.53 0.85 0.65 3.10 3.20. 4.29 . 2.55 . 2.52 
10 1.07 0.96 8.32 3.50 16.52 4.84 8.20 2.84 
11 2.95 1.13 11.75 4.12 17.27 5.71 5.52 3.34 
12 -0.12, 1.26 
- 9.59 4.61 • -12.03, 6.39 - 2.43 3.74 
12+ —1.88 1.28 - 8.94 4.68 -13.72 6.49 . - 4.80 3.80 
Sex 
male 2.13 0.20 , 10.37 0.73 21.17 1.02 • 10.81 0.59 
female -2.13 0.20 -10.37 0.73 -21.17 1.02 -10.81 0.59 
among the various traits were computed from these estimates, and are given 
in Table l4. These data will be discussed later. 
Economic value 
The value of a pound increase in weaning weight was estimated to be 
$.2550 while the value of an increase of one-third of a Federal grade in 
type score was estimated to be worth $2,655* Similarly, the value of an 
increase of one pound per day in rate of gain from birth to preweaning, 
birth to weaning, and preweaning to weaning was estimated to be $33.15, 
$58.65, and $25.50, respectively. These estimates were based,on records 
from feeder calf sales in Tennessee as previously described. 
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Table 10 (Continued) 
Effect . Trait. 
Age of 
dam 
AGBP 
Cnst. S.E. 
AGBW 
Cnst. S.E. Cnst 
AGPW 
. S.E. Cnst. 
WTS 
S.E. 
2 .23 .015 -.20 .012 -.16 .017 -.75. .07 
3 .09. .013 -.09' .010 —. 08, .015 -.18 .06 
k .00 .OIL — « 02 , ,011 —. 03 .015 .08 .06 
5 .05 ' ,015 .Ok  .012 .04 .017 .20 • .07 
6 .08 .016 .Oh  .012 -.01 .018 .28 .07 
7  .09 .017 .09 .014 .09 .020 .34 .08 
8 .09 .018 .10 .015 .10 .021 .38 .09. 
9 .01 .022 .02 . .017 .03 .025 .21 • .10 
10 .06 .025 .07 .020 .08 .028, .22 .12 
11 .07 .029 .06 .023 .07 .033 -.01 .14 
12 .07 • .033 -.05 .026 -.05 .037 -.31 • .15 
12+ .05 . .033 — « 05 .026 -.06 .038 -.46 .16 
Sex 
male .06 • .005 .08 .004 .11 .006 .09 .02 
female -.06 .005 -.08 .004 -.11 • .006 -.09 .02 • 
Regression 
on age of calf .01 .001 
Selection indexes 
The economic value of a calf at weaning is determined primarily by 
weight and quality (conformation score). Therefore, the only aggregate 
genetic value (h) considered in this study was h = .2s50 g + 2.655 g 
where, is the additive genetic value for weaning weight and is the 
additive genetic value for weaning type score. 
Ten indexes were constructed using the various weaning and preweeining 
traits. The traits included in the various indexes, their partial regres­
sions on the indexes, and the variance of each index (I) are given in 
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Table 11. Mean squares and B values for environmental effects 
Trait 
Source DF BW PW WW GPW 
Age of dam 11 2970 70132 144054 15087 
Sex 1 12422 294005 1226077 319294 
Residual 2734 110 1470 2821 968 
Total 2746 126 1851 3832 ll40 
R2 
.130 .210 .267 .155 
AGBP AGBW AGPW WTS. 
Age of dam 11 26247 20103 15634 28.63 
Sex  ^ 1 110165 187362 341036 19.88 
Regression 1 98.21 
Residued 2734 727 462 949 1.62 
Total 2746 869 609 1132 1.77 
R2 
.167 .244 .165 .089 
A^ge of calf regression—applies to weaning type score only. The 
residual has one less degree of freedom. 
Table l6. The correlation of H and I along with the selection differential 
and expected genetic change in each weanling trait when selection is wholly 
on I is given for the various indexes in Table IT. The data in Tables 
10 - 17 are discussed in the next section. 
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Table 12. Means and stwdard deviations of adjusted data 
Trait 
BW PW WW, GPW AGBP AGBW AGPW WTS 
Angus 
Mean 58. U 272 434 162 1.65 1.64 1.61 12.2 
St. deviation , 7.20 33.0 45.0 28.0 .242 .189 .284 1.27 . 
Hereford 
Mean 70.9 289 464 175 1.68 1.71 1.74 11.9 
St. deviation 8.63, 34.6 49.3 . 27.3 , .243 .201 .277 " 1.16 . 
Combined breeds 
Mean 65.8 282 451 169 1.66 . 1.67 1.68 12.0 
St. deviation ; 8.14, 34.2 47.9 27.7 .243 .197 .281 1.21 
Table 13. Heritability estimates 
Trait Estimate Standard 
error 
BW .52 .08 
PW .50 .08 
WW .50 .08 
GPW .32 .07 
AGBP .45 .08 
AGBW .47 .08 
AGPW .34 .07 
WTS .51 .08 
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Table iL Phenotypic and genetic variances and covariances^  
Trait 
Trait BW PW WW GPW AGBP AGBW AGPW WTS 
BW 115 153 37.9 .376 .379 .390 .394 
PW 83.7 1346 182 8.06 • 5.35 2.35 13.2 
WW 110 738 948 9.17 9.32 9.74 23.1 
GPW 26.0 171 405 1.11 • 3.96 • 7.38 9.94 
AGBP .379 3.80 • 4.84 1.04 • .038 .015 .098 
AGBW .332 2.86 4.50 1.65 .019 .041 .099 
AGPW .272 1.70 4.17 2.47 .011 .017 .098 
WTS 1.55 7.64 15.61 7.75 .048 .061 .075 
Phen. var. 66.3 ll64 2294 766 .059 .039 .079 1.46 
Gen. var. 34.1 577 1143 244 .026 . oie .027 .737 
P^henotypic covariances are given above the diagonal and the genetic 
covariances are given below. 
Table 15. Phenotypic and genetic correlations^  
Trait 
- • -1 
Trait BW PW WW GpW AGBP AGBW AGPW WTS 
BW .41 .39 .17 .19 .24 • .17 .04 
PW . 60 .82 .19 .97 .80 .25 .32 
WW .56 .91 .72 .79 .99 .72 .40 • 
GPW .28 .43 .77 .16 .73. .95 .30 • 
AGBP .40 .97 .88 .41 • .80 .22 .34 
AGBW .42 .88 .99 .78 .89 .73 .42 
AGPW .28 .43 .75 .97 .42 .77 .29 
WTS , .31 .38 .54 .58 .35 .53 .54 
P^henotypic correlations are given above the diagonal and the genetic 
correlations are given below. 
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Table.l6. "b" values and variances for various indexes 
Index 
no. 
Traits 
b 
Trait 
1 
value 
Trait 
2 
2 2 
1 WW WTS 0.12,1+ 2.106 100.6 53.88 
2 WW 0.11+5 100.6 1+8.23 
3 WTS 1+. 066, 100.6 2I+.1I+ • 
k  BW 0.1+85 100.6 15.60 
5 PW 0.180 100.6 37.55 • 
6 AGBP' 23.078 100.6 31.1+2 
7 AGBW WTS 28.089 2.162 100.6 1+9.62 
8 AGBW 33.577 100.6 1+3.97 
9 AGPW WTS 11.930 3.266 100.6 31+.1+5 
10 AGPW 15.981 100.6 20.18 
Table IT. Estimates of the correlation between I and H (R^ g), selection 
differentials, and expected genetic change among weanling 
traits for various indexes 
[ndex 
no. I^H 
Selection differential Genetic change^  
WW WTS WW WTS 
1 .732 45.35 0.809 23.58 0.413 
2 .692 1+7.89 0.482 24.91 • 0.246 
3 .1+90 19.12 1.208 9.94 • 0.616 
1+ .391+ 18.79 0.048 9.77 0.025 
5 .611 39.5k 0.388 20.56 0.198 
6 .559 37.75 • 0.403 19.63 0.206 
7 .702 44.25 0.843 23.01 0.430 
8 .661 47.19 0.501 24.54 • 0.256 
9 .585 32.65 1.012 16.98 0.516 
10 .1+1+8 34.65 0.349 18.02 0.178 
rer standard deviation change in index when selection is wholly on 
the index. 
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DISCUSSION OF ANALYSES 
Environmental Effects 
Evaluating the- average influence of identifiable sources of environ­
mental variation and adjusting the observations for them amounts to con­
trolling, statistically, part of the observed variation in a trait. If 
the effect varies- from one observation to another, only the average effect 
will be removed by statistical control. Therefore, statistical control 
may rarely remove all of the variation that was actually caused by a given 
source. Even so, any .variation removed increases the accuracy with which 
the real differences between animals can be assessed. 
Sex 
Male calves were heavier at each weight measurement taken, gained more, 
per day for each period studied, and graded slightly higher at weaning than 
did females (Table 10). 
Male calves were 4.26 pounds heavier than females at birth. This 
difference was consistent among the two breeds in this study and agrees in 
general with most, of the reports in the literature (see pages 4 and 5). 
At preweaning, male calves averaged 20.T^ .pounds heavier than females. 
This difference was consistent among the Angus (20.3 pounds) and Hereford 
(21.1 pounds) calves in this study. This difference generally agrees with 
that found in the literature and is very near the difference of 19.2 pounds 
reported by Drewry (1964) and the 17 pounds reported by Brown (i960) among 
calves of 120 days of age. Similarly, the sex difference for rate of gain 
to preweaning (0.13 pounds) was consistent among the two breeds studied and 
is very nesur the 0.l6 pounds reported by Drewry (1964) and.the 0.13 pounds 
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reported by Rollins and Gullbert (195^ ). However, the advantage for males 
was somewhat lower than the 0.26 pounds and 0.29 pounds found by Flock, 
eb al. (1962) among Angus and Hereford calves, respectively, at preweaning. 
Males in this study were k2.3 pounds heavier at weaning than were 
females. Although this difference is within the range of some 40 estimates 
reported in the literature, it is higher than reported by most workers. 
The larger difference for males observed here may be due to the older age 
at wearing which allows more time for the expression of sex differences. 
Reports in the literature are based primarily on calf weights taken in the 
range of I80 to 205 days of age (see pages 9, 10, and 11), while this 
study was based on 230-day weights. 
In this study male calves gained 21.6 pounds more from preweaning to 
weaning than did females, and consequently they gained 0.22 pounds more per 
day than did the females during the same period. The advantage of msLLe 
calves was somewhat higher among Angus (25.2 pounds) than among Hereford 
(19.k) calves. This would suggest that weight differences between sexes 
becomes more pronounced during the latter part of the suckling period 
among Angus calves than among Hereford calves. Gerlaugh et ,al. (I95l) 
found the sex difference among Angus at weaning to be greater than the sex 
difference among Herefords. He postulated that sex differences varied with 
breed. However, in a review of sex differences in the literature. Smith 
and Warwick (195^ ) reported a sex difference of 36 pounds at weaning among 
Hereford calves and a difference of only 31 pounds among Angus. 
The advantage of males in this study for gain from preweaning to wean­
ing is somewhat higher than the 11.0 pounds reported by Drewry (1964) among 
non-creeped Hereford and Angus calves and the 13.0 pounds found by Brown 
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(i960) among Hereford calves. Drewry's estimate vas based on a period of 
100 days (same as in this study), while Brown's was based on a period of 
only : 60 days. 
Sex differences for type score, at weaning were negligible (less than 
1/30 of a grade) in this study. There are few reports regarding the effect 
of sex on weaning type score in the literature and these indicate the 
effect is small. Lehmann (1961) found a sex difference of around 1/10 of 
a grade in favor of females, while Barker (196U) reported a difference of 
approximately 1/20 of a grade in favor of mçde calves. Koch and Clark 
(1955a) found a slight difference in favor of males. 
Age of dam 
The method used for estimating the effect for age of dam in this 
study was to compare averages of all records made at each age. This method 
would bias the average production of older cows upward from the true age 
effect if selection is based on producing ability and some of the poor 
producing cows are culled out each year. However, as pointed out earlier, 
most of the selection among cows in this study was for factors other than 
on the traits being stuped. Therefore, the bias of the estimates for 
older cows.should not be serious. 
The 6-, 7-, and 8-year-old cows were the most productive in this 
study. Calves from these cows were heavier at each weight taken, gained 
more for each period studied, and graded higher than calves out of younger 
and older cows. The lightest calves were out of the young cows. Calves 
from 2-year-old cows were more than 50 pounds lighter and averaged 1.1 grade 
points less on type score than did calves out of 6-, 7-, and 8-year-old 
cows. Production tended to drop as the cow became older than B years of 
age. However, this decrease was slight until the cow reached 11 years of 
age, and then production tended to decrease at a more rapid rate. 
The general trend and the magnitude of the various age-of-dam effects 
on the traits in this study agree with those reported in the literature, 
except for 9-year-old cows. The constants for cows in this age group were 
smaller for each trait studied than were the constants for cows "bracketing 
this age group. This was true among both the Angus and Hereford calves. 
In another study that included a large portion of these data (Jamison, 
1966), the constants estimated for birth weight and weaning weight among 
9-year-old cows were similarly smaller than those for 8- and 10-year-old 
cows. This suggests that the 9-year-old cows in these herds were in­
herently low producers and the adjustment for this age group should not 
be applied to other data. 
The trend and the magnitude of the age-of-dam constants estimated for 
weaning weight and rate of gain to weaning agree generally with those 
reported in the literature. A comparison of the constants estimated in 
this study with some of those reported in the literature is given in 
Table I8. For this comparison the estimates for 6-, 7-» and 8-year-old 
cows were averaged and set equal to zero, the estimates for the other ages . 
were adjusted accordingly. This table was meant to give the reader some 
idea of the range among estimates in the literature and is not an attempt. 
to give all the reports on this subject. 
In general, the age-of-dam effects on weaning weight among young and 
older cows in this study were slightly larger (about 10 pounds) than the 
arithmetical average of the estimates reported in the literature. However, 
Table l8. Effects of age of dam on weaning weight 
Reference 1 
Smith 
Present Swiger Lehman Swiger and Hamann Evans 
Study et al. et al.. et al, Warwick et al. et al. 
TI9^ ) TI9^ ) TÏ9^) (1954) TÎ9^ ) T1955) 
Breed^  A, H A, H A, H, S A, H H, S A H 
Age^  230 200 203 200 182 238 210 
Location Tenn. Neb. Va.. Neb. Tenn. Kan. 111. 
No. calves 27^ 9 647 1987 2092 528 1861 1737 
Age of dam 
2 
- 73 - 32 - 59 - 66 - 77 - 91. - 106 
3 - kk .  - 25 - 37 - 43 - 44 . - 49 - 54 
U -  2k + 1 
- 17 - 21 - 16 - 28 - 20 
5 -  9 - 3 - k - 10 - 9 - 23 0 
6-8 0 0 0 0 0 0 0 
9 - 17 _ + 2 - 15 - 2 — 4 — - l4 
10 -  k 
- 15 "1 - 2 — 
11 - 3 - 26 5 
12 - 32 > - 8 - 45 17 r - 19 >- 43 
13 - 34 - 11 
Ik 
— 
- 33 — 
—• 
= Angus, H = Hereford, S = Shorthorn 
2 Age in days at weaning 
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it should again be pointed out that the calves in this study were from 
4 to 6 weeks older than most of the calves on which estimates were based 
in the literature. 
The age-of-dam constants estimated for type score in this study were 
veiy similar to those reported in the literature (see pages 10 and 11). A 
comparison of the estimates found in this study and those found in the 
literature are presented in Table 19- Again, the average of the estimates 
for 6-, 7-, and S-yeear-old cows were set equal to zero and the estimates of 
the other ages were adjusted accordingly. 
The effect of age of calf on weaning type score was small, less than. 
1/300 of a grade per day of age. Lehmann et al. (1961) and Barker (196k) 
found that the effect of month of birth on weaning type score was negli­
gible among calves born during January, February, and March. Koch and 
Clark (l955a) reported a slight advantage for older calves bom mostly in 
April and May. 
Other environmental effects 
For reasons stated earlier, the effect of year, location, and breed on 
the various performance traits could not be determined independently of 
each other. However, on the basis of a preliminary analysis that included 
each of these variables in the model along with sex of calf, age of dam, 
and the various two-way interactions, the effect of these environmental 
2 factors was substantial. In fact, the R values obtained from this model 
were more than twice those obtained when only sex and age of dam were used 
in the model (see Table 9, page U5 and Table 11, page 66). Therefore, the 
average influence of these effects should be accounted for statistically in 
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Table 19. Effect of age of dam on weaning type score 
Reference 
Marlowe 
Present and Lehmann Barker 
Study Gaines et al. 
(1958) tI9 )^ (1964) 
Breéd^  A, H A, H, S A,.H, S A, H 
Agé 230 90-300 203 120-300 
Location Tenn. Va. Va. Tenn. 
No. calves 2749 hl66 1987 5693 
Age of dam 
2 - 1.1 
- .9 - 1.1 - .5 
3 - .5 - .k  - .h - .2 
It • 
- . 3 - .3 . — .2 .0 
5 — .1 - .1 + .1 .0 
6-8 .0 .0 .0 .0 
9 - .1 - .3 . - .2 - .3 
10 - .1 
- .7 - .4 
11 - .3 - .6 - .3 
12 - .6 - .3 , - .9 
13 - .8 - 1.0 - .V 
lit - .8 - .8 
= Angus, H = Hereford, S = Shorthorn 
making a study of preweaning and weaning traits. 
Measurements and Parameters Estimated 
Means and standard deviations 
Analyses of variance and covariance were performed on the adjusted data 
as previously described. The overall means and standard deviations obtained 
from these analyses are given in Table 20 along with those of the raw data. 
As expected, the means remained essentially the.same, since the adjustments 
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were estimated as deviations from the mean. However, it is apparent that 
the variability among the various traits was reduced substantially, by 
adjustment. 
Heritability estimates 
A path diagram of the relationship among traits for paternal half-
sibs is shown in Figure 1. This particular diagram gives the relationship 
between only two traits. However, the relationship among all traits could 
be similarly shown by expanding this diagram. The genie values (additive 
genetic) of the sire and progeny for a given trait are represented by 
G| and G^ , respectively. The and represent the environmental and 
phenotypic.values for a given trait in the progeny where G% + = P^ . 
The path coefficients h^  and measure, in terms of standard deviations, 
the influence of various factors on the dependent variables. For example, 
h. = -—, which is the square root of heritability in the narrow sense 
 ^ Pi OE. 2 
(as previously described), and e^  = —— = /I - h? is the square root 
i^ * 
of the ratio of the environmental to phenotypic variance for a particular 
trait. 
From the path diagram, the correlation between patejmal half-sibs 
2 2 is 1/k h . Consequently, the covariance between half-sibs is 1/4 Og, 
Since the between-group variance component is equal to the covariance of 
the members of the groups, it follows that the expectation of the "between" 
2 2 
sire component (Og) is equal to 1/h Èy methods previously described, 
2 (j_ was estimated for the various traits. From these estimates the genie S 
variances end covariances were computed. The preceding depends on the 
validity of the assumptions of random mating, no environmental correlation 
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Table 20. Means and standard deviations of the adjusted and unadjusted 
data 
Unad.1usted data Adjusted data 
Trait mean s.d. meeui s. d. 
BW 65.2 11.2 65.8 8.1k • 
PW 276 67.6 282 3k.2 
WW hkB 75.9 451 47.9 
GPW 172 46.0 169 27.7 
AGBP 1.65 .295 1.66 .2U3 
AGBW 1.66 .2U7 1.67 .197 
AGPW 1.66 .337 1.68 .281 
WTS 12.0 1.3k 12.0 1.21 • 
between paternal half-sibs, autosomal inheritance, and no epistacy. 
The heritability estimates for the various traits (see Table 13, page 
67) are within the range of those reported in the literature. However, they 
are somewhat higher than the average of those found by other workers (see 
page 20). Assortive mating could have caused the estimates to be hig^ . 
However, as pointed out previously, the primary use made of the brood cow 
herds was to progeny-test performance-tested bulls. Therefore, consider­
able care was taken to randomize the cows among the bulls used each year. 
A second possibility would be differences in management during the 
suckling period that would favor calves by one sire over those of another. 
Differences could have existed during the breeding season (usually 90 days), 
since the cows were divided into single sire herds and each herd placed on 
a different pasture. However, in most cases where pasture differences 
existed, the breeding herds were rotated among them. Also, the cows were 
re-randomized into breeding herds each year. This would tend to distribute 
pasture differences among the sires of the suckling calves. 
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Figure 1. Relationships among paternal half-slbs 
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A third possibility is that the herds from which these data came were 
maintained under very uniform conditions and therefore, variation due to 
environment was much smaller than would be found in most herds. The author 
was closely associated with these herds for 9 years, and this seems to him 
to be the most plausible reason for the, high heritability estimates. Most 
other deviations from random mating, differences in management during the 
suckling period, and errors in confutation usually associated with measure­
ment data would lead to smaller estimates of heritability. 
Correlations 
A correlation, whatever its nature, is the ratio of the appropriate 
covariance to the product of the two standard deviations. For example, , 
the phenotypic correlation between two traits is 
cov 
r = —— 
where : 
Tp - the phenotypic correlation between two traits, 1 and 2 
coVp = the covariance of the two traits, 1 and 2 
2 2 2 2 2 2 
since coVp = cov^ + cov^ , a^ = h . a^ , and Og = e Op. Then Op = Og/g-
Expressing the phenotypic correlation in these terms it becomes 
r =  ^.e.e 
therefore r^  = * ®1®2^ E 
where ; 
= the genie correlation between traits 1 and 2 (i.e. , the 
correlation of breeding values) 
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r„ = the environmental correlation "between traits 1 and 2 
(including non-additive genetic effects) 
cov = the covariance of the two traits with subscript, P, A, or 
E,.having the same meaning as for the correlations 
2 
a and 0= variance and.standard deviation, with subscripts P, A, or 
E as above, and 1 or 2 according to the trait referred to. 
E.g. Op = phenotypic variance of trait 2. 
2 2 
h = the heritability, with subscript 1 or 2 according to the 
trait 
e^  = l-h^  
Expressing the correlation as above shows that the genie.and environmental 
causes of correlation combine their effects to make the phenotypic corre­
lation. A path diagram of this relationship is given in Figure 2. It is 
easy to see from this diagram that the phenotypic correlation may be 
larger or smaller than its genie part or actually can be opposite in sign. 
The correlation r^  will usually be high among traits on the same 
individual because an accident or peculiar environment which happens to the 
individual is likely ^to affect many of the parts and functions of the 
individual. This correlation may be positive or negative, since the 
environmental conditions might favor both traits or enhance one and be 
detrimental to the other. 
The phenotypic and genetic correlations between the weanling traits 
in this study are within the range of those reported in the literature (see 
page 20). There are few reports in the literature regarding the correla­
tion between preweanling and weanling traits. Brinks et al. (1962b) found 
the phenotypic and genetic correlations of 0.29 and 0.99, respectively, 
between birth weight and weaning type score. The phenotypic correlations 
among preweanling and weanling traits reported by Drewry (1964) are almost 
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G, 1 
G, 2 
Figure 2. Relationship of two traits on the same animal 
identical with those found in this study. A comparison of these findings 
are presented in Table 21. 
The genie correlations are of particular importance in this stu^ , 
since only the genie part of the phenotypic correlation determines the 
correlated response from selection. Most traits in this study had herita-
bility estimates near .50 and in each case the genie correlation was equal 
to or greater than the phenotypic correlation. Therefore, the phenotypic 
correlation between most of the traits was determined chiefly by the genie 
portion of the correlation. 
Based on the magnitude of the genie correlations and the part-whole 
relationship that existed among the various weight measurements, these 
measurements seem to be influenced by, many of the same genes, while wean­
ing type score appeared to be influenced by fewer of these genes. This 
would seem plausible, since the genie causes of correlation are chiefly 
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Table 21. Phenotypic correlations among preweaning and weaning traits 
Contrast Present 
study 
Drewry 
(1964) 
PWrAGBP .97 .96 
PW:GPW .19 .20 
PW:AGPW .25 .19 • 
PW:WW .82 .82 
PW:AGBW .80 .80 
WW:AGBP • 79. .80 
WW:GPW •72. .72 
WW;AGPW .79 .71 
WWrAGBW .99 .98 
GPW:AGBP .16 .20 
GPW:AGPW .95 1.00 
GPW:AGBW .73 .73 • 
AGBP:AGPW .22 .20 
AGBP:AGBW .80 .81 
AGPWzAGBW •73. .73 
pleiotropy and pleiotropy expresses the extent to which two traits are 
influenced by the same genes. However, it should be noted that genie 
correlations are not an exact measurement of the amount of pleiotropy, 
since the correlation resulting from pleiotropy is the overall, or net, 
effect of all the segregating genes that affect both traits (i.e., some 
genes may increase both traits while others increase one and decrease the 
other). 
Economic values 
The economic data included 89,975 steers that sold for an average of 
$26.46 per hundredwei^ t and 53,9^ 2 heifers that sold, for an average of 
$23.89 per hundredweight. This gave a weighted average of $25.50 per 
8U 
hundredweight or $.2550 per pound. The steers averaged 470 pounds, while 
the heifers averaged k29 pounds. These weight differences were not 
considered in computing the average price per pound. 
The average price differential "between good and choice steers was 
$1.26 per hundredweight, while the difference between good and choice 
heifers was $1.53. An average difference in value between good and choice 
of $1.35 per hundredweight wsis estimated by weighting these differences by 
the number of animals represented in each sex. Similiarly, the average 
difference between medium and good calves was $2.lU. Each of these esti­
mates was weighted by the numbers of calves represented in each group to 
obtain the average value of an increase of a full grade in type of $1.77 
per hundredweight. Multiplying this value by the average weaning weight in 
hundreds of pounds (U.50) and by the unit of measure of type score (1/3 of 
a grade) gave the value of a unit increase in type score ($2,655). 
Selection Indexes 
The path diagram in Figure 3 gives the relationship of the various 
traits with the aggregate genie value (H) and the index (l). The G^ , E^ , 
and are the genie, environmental, and phenotypic values, respectively, 
for a given trait where G^  + E^  = (the E^  include all of the non-genic 
variance). The e. and h^ - are as previously described. The a^  and b^  are 
°Gi 
standardized partial regression coefficients where a! = a. and 
ap 1 1 
b !  =  b i  0 — T h e  a .  a r e  t h e  e c o n o m i c  w e i g h t s  a n d  t h e  b .  a r e  t h e  p a r t i a l  
1 H  ^ 1 . 
regression coefficients computed in maximizing the correlation between the 
aggregate genie value and the index. 
The correlation between H and the phenotypic measurement of each 
trait is the sum of the various paths from P^  to H, as follows: 
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> I 
Figure 3. Path coefficient diagram showing the relation between the 
aggregate genotype (H) and the index (l) 
"•p.H = "'O.P. 
1 11 
The G and E are assumed to be uncorrelated, as would be the case unless 
particular efforts were made to give the better genotypes better or worse 
than average treatment. Therefore, the correlation between the genie and 
phenotypic values for the same trait is 
% , 
where the trait is measured on the animal itself. 
It is apparent from the above relationships and those shown in 
Figure 3 that the direct relationship of a trait with the aggregate genie 
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value (h) depends on the genie variability of the trait and its relative 
economic importance, while the indirect relationship of a trait with H will 
depend on the genie correlation it has with other traits and the genie 
variability and the relative economic importance of these traits. 
In a discussion of selection indexes. Lush (i960) illustrated the 
expected change in average breeding value of the selected group for a 
trait when truncation selection is practiced for the index only as 
(Ig-I) 
4h = (rjj,)(0g) 
= (accuracy)(genic variation in H)(intensity). 
In this notation H is the breeding value for the. trait, I is the selection 
criterion, Ï is the average of.I in the whole parental generation, and 1^  
is the average of I among those selected to be parents of the next genera­
tion. The verbal interpretation of the algebraic symbols is given just 
below the equation. 
This formulation shows that improvement is the product of three 
factors and would be zero if any one of the three were zero, even though the 
other two might be large. In a given beef herd, the middle term is a con­
stant and is not likely to vary greatly aàong hefds, unless selection has 
been wholly on I for several generations and the first eind third terms of 
the equation were relatively large. The third term is largely determined 
by reproductive rate of the species and will be constant, or nearly so, if 
I is normally distributed and selection is wholly on I. Since the second 
and third terms are likely to be constant, or nearly so, progress in a given 
population when selection is on I is proportional to the first term 
(accuracy). 
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When selection is on a single trait, the first term may be expressed 
in terms of the genie and non-genic variation as 
2 _ genie variation 
IH ~ genie + non-genic variation 
When I is a selection index involving two or more characters, the first 
term may be expressed as follows: 
2 _ genie variances and covariances of the X's (weighted av.) 
phenotypic variances and covariances of the X's (weighted av.) 
where the X's are the traits included in the index and the variances and 
covariances are a weighted average for both the numerator and the denomi­
nator. The weights would depend on the size of the variances and the 
importance placed on each trait. Unless the ratio of the genie variance to 
the phenotypic variance is the same for each trait, the weights used in 
the numerator will not be the same as the corresponding weights in the 
denominator. According to Lush (1960), the averaging in the denominator may 
diminish the effects of dominance, epistasis, environment, and interactions 
between environment and heredity, so that r^  ^will be larger than the 
average of the involved and could be larger than the largest rp^ . 
However, he points out this cannot exceed 1.0 and will almost invariably be 
smaller. 
The ten indexes given in Table 16 and 17 (page 69) were selected from 
a series of indexes constructed from various combinations of preweaning and 
weanling traits. The index number, the traits included in each index, and 
comments on each index as a selection criterion are given below. 
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Index 
no. 
Traits in 
index Comments 
10 
WW, WTS Most efficient as weanling index 
WW May be used when maximum progress in weaning 
weight is desired or when weaning type score 
is not available 
WTS May be used when maximum progress in weaning type 
score is desired or when no weights are available 
BW Early selection and castration of some males 
PW Same as above and for culling of first calf heifers 
AGBP Same as above 
AGBW, WTS Can be used in place of to avoid selection for 
heavier birth weights 
AGBW When maximum progress in rate of gain is desired 
AGFW, WTS When birth dates are not known but rate of gain 
can be calculated 
AGFW Same as above when weaning type score is not 
available. 
Improvement in the two weanling traits weaning weight and weaning type 
score was desired. Therefore, as stated previously, H = a^ G^  + a^ Gg was 
the only aggregate genie value considered, where a^  and ag are the economic. 
values and G^  and Gq are the additive gene effects of an individual for 
weaning weight and weaning type score, respectively. Consequently, the 
2 
aggregate genie variance (oy) was held constant for all indexes. This per­
mitted the evaluation of each index in terms of its efficiency in. improving 
the. two weanling traits. 
I^  had the highest correlation with H (R^  ^  = .732) and is the most 
efficient weanling index. Ig gave only emphasis to weaning weight. Selec­
tion on this index would result in maximum progress in improving this trait 
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(i.e.,,an increase of a standard deviation in index would result in a 
standard deviation of increase in weaning-weight) and would result in about 
one-half a standard deviation of improvement in type score per standard 
deviation of improvement in index. The improvement in type score results 
from the genie correlation (.5^ ) between this trait and weaning weight. 
Ig would be more easily understood by the producer than which 
includes both traits. However, the correlation of with H (R^  ^  .732) 
is approximately T per cent higher than the correlation of Ig with H 
(R_ „ = .692, Tables 16 and 17, page 69). Therefore, the higher economic 
IgH 
return expected from selecting on would be large enough to Justify 
obtaining the weanling type scores necessary for its use. 
Ig would result in maximum progress in weaning type score and would 
result in approximately one-half a standard deviation of improvement in 
weeing weight per standard deviation of improvement in the index. Because 
of the low Rjjj value (.39^ ) of this index, selecting .on it would result 
in considerably less economic return than selecting on or Ig. 
Ig gives full emphasis to average daily gain from birth to weaning. 
Since the heritability of this trait and its genie correlation with type 
score is similar to the heritability of weaning weight and its genie corre­
lation with type score, the R^  ^values, selection differentials and the 
economic improvement expected from selecting on and Ig is similar to 
that expected from selecting on and Ig, respectively. 
Each of the indexes based on a preweanling trait would result in some 
genetic improvement in weaning weight and weaning type when selection is 
made on the trait. The amount of improvement will depend on the amount of 
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genetic variation in the trait itself, the genie correlation between the 
trait and the weanling trait, and the genie variability in the latter 
trait. The amount of improvement would be small if any one of these 
factors are small. 
In instances where the genie correlation between a preweanling and 
weanling trait is high and genetic variability is sufficient in both 
traits, selection might be made at an earlier age with acceptable accuraey. 
For example, the genie and phenotypic correlation between preweaning 
weight and weaning weight was .91 and the heritability of both these traits 
was the same (.50). Therefore, selection on preweaning weight would re­
sult in about 90 per cent as much genie improvement in weaning weight as 
selecting on weaning weight itself. This could be extended to a second 
trait such as preweaning type score. If.its heritability was similar to 
weaning type score and the genie correlation between the two traits was 
high, these two preweaning traits could be included in a preweaning index. 
The relative accuracy of this index would be similar to that of a weanling 
index including the same measurements at weming provided the genie 
correlation between preweaning weight and preweaning type score, was similar 
to that between the same two measurements at weaning. 
The possibility of selection at preweaning would have economic 
importance in Tennessee. Many of the calves in Tennessee are born during 
January, February, and March. These calves would average 120 days of age 
around the first to the fifteenth of July. In Tennessee there is usu^ ly 
a drought period during June, July, August, or September. The severity of 
these droughts will vary from year to year. However, almost invariably 
there is a period when pastures become short. If selection could be made 
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at preweaning, poor-producing cows—particularly first calf heifers— 
could be culled from the herd when cow prices are considerably higher 
than in the fall when culling is normally done. The price per hundred­
weight for calves would also be higher then. However, it will usually pay 
to pasture and possibly creep-fe^ d these until fall. Another benefit, of 
course, would be fewer animals to graze when pastures are normally short. 
One in^ ortant objective of this study was to compare an index 
constructed from this study with one currently being used in most experi­
mental herds and performance-testing programs in the Southeast. As ex­
plained previously, the latter index gives equal emphasis to weaning rate 
of gain and weaning type score. The partial regression coefficients were 
calculated from the identity: 
"A = 
where : 
b , bg are the two partial regression coefficients for the traits 
rate of gain to weaning and type score at weaning, 
respectively, and 
x^ , Xg are the standard deviations for daily gain and type score, 
respectively. 
In this study the standard deviation for rate of gain to weaning was 0.20 
pounds, while that for weaning type score was 1.21 grade units (a grade 
unit equals one-third of a Federal grade). Substituting these values in 
the above identity and setting bg equal to one, the value of b^  is 6.0$. 
The b values found in this study for these two traits (ignoring the other 
traits) were 26.46 and 2.02 for average daily gain to weaning and weaning 
type score, respectively. Again, setting bg equal to one, the value of 
92 
"b^  is 13.13 (before rounding the original h values). These two sets of 
values may be expressed in the form of indexes as follows : 
= 13.13 + Xg 
Ig = 6.05 X^  + Xg 
A comparison of these two indexes with respect to r^ ,^ selection differen­
tials, and genetic progress expected in each trait per standard deviation 
of index is given in Table 22. 
Although the relative amount of emphasis placed on rate of gain in 
was more than twice that in Ig,.there was less than 3 per cent difference 
in the r^ g values of the two indexes. Also, the selection differentials 
and genetic change among the two traits per standard deviation of improve­
ment in index were similar between the two indexes. In fact, the monetary 
difference would amount to about $.20 per calf in favor of at a weaning 
age of 230 days, and providing the expected change resulted from each 
index. 
One reason for the similarity in efficiency of the two indexes is that 
the genie correlation between the two traits is high (.5^ ) so that the 
relative ençjhasis placed on each trait can vary considerably but not 
change the predicted net merit of animals a great deal. For example, had 
the genie correlation between the two traits been zero, there would have 
been almost a 15 per cent difference in the relative efficiency between the 
two indexes in favor of . 
± • 
Another reason for the small difference in efficiency of the two 
indexes is the similarity of the heritabilities for the two traits. A 
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Table 22. A comparison.of two selection indexes 
Statistic Index No. 1 
Index 
No. 2 
b. 13.13 1.00 
6.05 1.00 
I^H 
.706 .688 
Selection differential 
AGBW .186 .166 
WTS .840 1.091 
Genetic change 
AGBW .091 .084 
WTS .468 .547 
higher heritability for rate of gain,or a lower heritability for type 
score would result in more efficiency for I^ . The greater the difference 
in heritability in favor of rate of gain, the greater the difference in 
efficiency in favor of Conversely, a heritability difference between 
the two traits in favor of type score would tend to make the relative 
efficiency of the second index closer to that of I^ . 
It would appear, therefore, that little increase in efficiency can be 
expected from using the index found in this study instead of the one 
currently being used. 
Comments Regarding Selection Indexes 
Usefulness of selection indexes 
The.net merit of an individual depends on many traits. These traits 
are not all equally heritable nor do they all have the same economic 
ingortance. Therefore, selecting on each trait separately will usually 
9h 
give more or less ençihasis to a trait than intended. Also, this method of 
selection does not allow high merit in one trait to offset lower merit in. 
another trait, nor does it take into consideration the genetic correlation 
between two traits. Hazel and Lush (1942), in a theoretical study, con­
cluded that selection for a total score or index of net desirability is 
much more efficient than selection for one trait at a time. Lush (i960) 
stated that using a selection index would make genetic,improvement some­
thing like 1.2 to 1.8 times what it would be by selecting on .each trait 
separately. He further pointed out that such generalization has little 
meaning since this varies from case to case. However, the preceding does 
emphasize the importance of selection on the basis of an index. 
Selection among beef cattle for one trait only (rate of gain) is being 
promoted in some areas. Actually, selecting on one trait constitutes an 
index because of the genetic correlation the trait has with other traits 
of economic importance. However, as shown in this study and other studies 
in the literature (Lindholm and Stonaker, 1957j Lehmann et al., 19^ 1; Swiger 
and Hazel, 1961; and Wilson e^  al., 1963), selection on one.trait is not • 
as efficient as an index combining this trait with other contemporary 
traits having economic importance. Therefore, under most conditions it 
would seem undesirable to select on one trait only. 
Computation suggestions 
The statistical values necessary for constructing a selection index 
have already been discussed. Two methods, the multiple correlation method 
and the variance-covariance method, are available for making the necessary 
computations. The multiple correlation method proposed by Hazel (19^ 3) 
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in his original paper is more readily understood at any stage than the 
second method. The second method is probably computationally easier since 
the estimated variances and covariances may be scaled in the actual 
measurement unit and entered into the matrix instead of the correlations. 
Both methods have the same accuracy. However, for someone who has had • 
little experience with selection indexes, as was true of the author, the 
first method is recommended. 
Assumptions 
All the relations were linear. This is probably true, or nearly so, 
over short intervals and for characters of low heritabillty where improve­
ment per generation is small. For some species and traits, the require­
ment for linearity would make long-range extrapolations from a current 
selection criterion Inadequate. However, in species such as beef cattle, 
where the intensity of selection cannot be high, such extrapolations might 
have a useful amount of validity for several (possibly 10 or 12) genera­
tions, according to Lush (i960). 
The variables were assumed to be distributed normally. The complexity 
of "net merit" would make this nearly true. The main effect of non-
normality is in computing, from the z/p formula, how intense the truncation 
selection would be when the selection is either mild or very intense. 
Economic weights are assumed to remain the same. Of course, these can 
change suddenly and far and will almost certainly change some over a long 
period of time. In beef cattle, however, the change is likely to be 
gradual in the immediate future. 
96 
The economic value of a unit increase in a trait as well as the cost 
of producing the unit increase was assumed to remain the same. Again, this 
may be true for short-range planning, but could be altered over the long 
period. For example, in beef cattle one of the traits on which improve­
ment is emphasized is rate of gain. As the genetic ability among cattle 
for this trait increases, higher quality forages and more grain supplements 
may be required to realize their full genetic potential. This would alter 
the cost of a unit increase in gain. In addition there appears to be a 
genetic correlation between cow size and rate of gain of calves. If this 
is true, cow size would increase as rate of gain increased. Consequently, 
at least a portion of the increase in value for rate of gain would be off­
set by increased maintenance costs for larger cows. 
Dominance and epistasis were assumed to act like environmental sources 
of variation. This is approximately true except among highly inbred 
lines. These are not presently important in beef cattle. 
The correlation between genetic values and environmental conditions 
was assumed to be zero. This should be nearly so where animals are main­
tained under similar conditions regardless of productivity. This is more 
likely to be true with beef than with dairy cattle, since the latter are 
usually fed supplementary grain according to production. However, this 
will vary from herd to herd depending on the system of management and to 
some extent on the mating system. 
Overdominance and linkage were ignored. Some genetic gains which 
could be achieved by rotational outcrossing, or by reciprocal recurrent 
selection are not realized by the nearly random mating systems (within 
breeds) usually employed with beef cattle. Such non-random systems would 
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make the array of,gametes produced by the selected parents, and to a 
lesser extent the zygotic array less variable and, consequently, would slow 
the recombination of genes. Low birth rate and long generation interval 
make the use of these breeding systems difficult and neither system appears 
to have practical importance with beef cattle. 
As long as a particular index is used as a basis for selection, it is 
assumed (technically at least) that the heritabilities of the traits remain 
the same. The fixing of loci from selection will reduce genetic varia­
bility—and, consequently, heritability—unless environmental variation 
similarly has been reduced. The genetic correlations, although not so 
obvious-ly, will also change. Not only will the genetic correlation between 
two traits for which selection has been applied simultaneously change, but 
it will tend to become more negative. The reasoning is that those 
pleiotropic genes that affect both characters in the desired direction 
will be strongly acted on by selection and brought rapidly into fixation, 
while the pleiotropic genes that affect one character favorably and the 
other adversely will be much less strongly influenced by selection and will 
remain much longer at intermediate frequencies. Consequently, most of the 
remaining covariance of the two characters will be due to these genes and 
the resulting correlation will be negative. 
The basis for most of the discussion in this section was taken from 
Lush (i960) and Falconer (196O). 
Limitations 
The 1955 meeting of the S-10 Technical Committee held at Ralei^ , 
North Carolina, devoted most of its time to problems arising in the 
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consideration of selection indexes, for beef cattle. The limitations of 
indexes were discussed by T. C. Cartwright and B. L. Warwick. Some of 
the limitations they enumerated were: (l) the relative economic values 
are not clearly established for traits such as birth weight, weaning weight, 
feed lot gain, pasture gain, summer gain, conformation scores, carcass 
evaluation, etc.; (2) an index could be expected to oe applied with best 
success only to the herd from which some of the statistics used in its 
calculation were derived; the genetic constitution of different herds may 
vary because of previous selection; and (3) selection indexes, if computed 
for each breed or cross, locality, and season, would not be a valid indica­
tion of an individual's merit for comparison.purposes or to measure 
progress. 
The economic.value for most of the traits listed above can be 
estimated when they are expressed from available economic data. As for the 
relative economic value, once a trait is expressed and becomes an integral 
part of another trait at a different age, such as weight measurement at 
various ages, the economic value of the earlier trait is zero. However, 
it does contribute to the index through its genetic correlation with other 
traits in the index. This contribution would be of some importance when 
the heritability of the trait expressed earlier is high, its genetic 
correlation with a current trait in the index having economic value is 
high, and the heritability of the latter trait is low. 
Genetic variation is not likely to vary greatly from herd to herd 
except possibly where selection may have been applied for a long period of 
time or some form of outcrossing or crossbreeding may have been made re­
cently. What are more likely to vary from herd to herd are environmental 
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conditions that would affect the heritabilities of important traits in a 
herd, as well as the accuracy of predicting an animal's "breeding value 
for a particular trait. Nevertheless, an index, would still be the most 
efficient method of selection. 
Regardless of the selection criterion used, selection should be made 
within groups of animals that have been maintained under similar environ­
mental conditions, or where environmental differences can be adjusted 
statistically. The fact that measurements taken under different environ­
mental conditions do not constitute a valid comparison is not a fault of 
a selection index or any other selection criterion, for that matter. 
Probably the greatest limitation of a selection index, or any selec­
tion criterion among beef cattle, is the intensity with which selection 
can be applied. The actual selection is rarely as intense as it might be 
if selection were wholly on the index. This may be due to selecting for 
things.unrelated to the index such as reproduction, injury, sickness, 
temperament, pedigree, etc. Any improvement that would reduce selection 
for these factors would allow more intense selection on index. Changing 
of ideals, inaccurate measurements, and carelessness could be other factors 
that lower intensity of selection. Even if selection is wholly on the 
index, the fraction that must be saved for breeding purposes is large 
among beef females, and will usually be in the range of 60 to nearly 100 
per cent. This will depend on how well the above factors are controlled. 
Some of the above objections could be counter-acted if the genetic 
variation among traits in an index, the relationship of these traits, the 
economic values, and the influence of environmental factors were re­
evaluated periodically in order to maintain a high relationship between the 
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index and "net merit." Where economically feasible, every effort should 
be made to increase the intensity of selection and to base selection as 
much as possible on the index. The selection index, like any selection 
criteria, has some limitations. However, every report concerning selection 
indexes in the literature, as well as this study, indicates that a 
selection index based on genetic variation, genetic correlation, and 
economic values of performance traits is the most efficient method for 
improving "net merit" among beef animals. 
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SUMMARY 
Preweaning and weaning data on 2,7^ 7 calves were collected from 
exjjerimental herds at six locations in Tennessee. The study covered an 
8-year period^  1957 through 196k. The traits included in the study were 
birth weight (BW), preweaning weight (PW), gain from preweaning to weaning 
(GPW), weaning weight (WW), average daily gain from birth to preweaning 
(AGBP), average daily gain from birth to weaning (AGBW), average daily 
gain preweaning to weaning (AGPW), and weaning type score (WTS). 
The data were adjusted for fixed environmental effects by the least 
squares method of analysis. The effect of breed, year, and location could 
not be evaluated independent of each other, since only one breed was 
represented at a location and the interaction between year and location 
was large and significant. Constants were fitted for sex and age of dam 
for each of the dependent variables and age regression was fitted for type 
score. Prior to the least squares analysis, preweaning and weaning weight 
were standardized to 130 and 230 days of age, respectively. 
The main effects for sex and age of dam were highly significant. 
However, on a relative basis, these environmental effects had greater in­
fluence on the weight and rate of gain measurements than , on type score. 
The effect of age regression was significant on type score, but was not 
important from an economic standpoint. 
The phenotypic and genetic variances and covariances were estima.ted 
from analysis of variance and covariance of the adjusted data. Economic 
values were computed from records of Coopérative Feeder Calf Sales in 
Tennessee. They were: $ .2550 for a pound increase in weaning weight. 
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$58.65 for a pound increase in rate of gain from birth to weaning (230 
days), and $2,655 for one-third of a Federal grade increase in type score 
per calf at an average weight of i+50 pounds. 
From the genetic, phenotypic, and economic parameters estimated in 
this study, a series of 10 selection indexes were computed. Improvement 
in the traits weaning weight and weaning type score was desired. There­
fore, a^ Gg + SqGq was the only aggregate genetic value considered where 
a^  and ag are the economic values for a unit increase and and Gg are the 
additive genetic values for weaning weight and type score, respectively. 
Each index was evaluated in terms of its efficiency in improving the two 
weanling traits and the possible use of each index as a selection criterion • 
was suggested. 
An index constructed from the parameters of AGBW and WTS found in this 
study was compared with one currently being used in many experimental 
herds and.performance testing programs in the Southeast. The latter index 
gave equal emphasis to rate of gain and type score (i.e., b^ o^  = bgOg, 
where traits one and two are AGBW and WTS, respectively, and the b's are 
partial regression coefficients). Setting bg equal to one.in both indexes 
and designating the index found in this study as and the latter index 
as Ig, the two indexes may be expressed as 
= 13.13 + XG 
Ig = 6.05 X^  + Xg 
The economic and genetic parameters (aggregate genetic value) for both 
traits were the same in each index. Although the emphasis on rate of gain 
in I. was more than twice that in I„, there was little difference in the 1 c. • 
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relative efficiency (less than 3 per cent) of the two indexes. This was 
due to the high positive genetic correlation between the two traits and 
likeness of their heritabilities. 
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Table 23. Means of the dependent veuriables 
. Birth weight . . Preveaning weight 
Year Sex Location-^  Location 
Knox. Alcoa TES HRES MTES AMES RnoXi Alcoa TES HRES MTES AMES 
57 M 62.5 70.2 76.4 64.0 68.4 58.4 195 306 343 320 262 291 
F 57.2 65.9 66.0 62.3 65.1 50.4 211 288 316 271 260 250 
58 M 63.8 74.7 62.3 64.5 73.1 61.7 221 273 258 278 292 309 
F 58.2 72.7 63.1 61.1 62.1 56.2 206 255 245 298 265 288 
59 M 62.4 72.4 70.1 68.2 73.7 57.4 258 329 276 276 254 224 
F 53.4 69.6 66.3 64.3 64.8 53.4 272 302 246 254 231 200 
60 M 65.9 76.1 65.7 67.6 70.8 58.5 266 339 265 253 315 279 
F 64.0 70.4 63.0 68.5 64.8 54.3 249 318 258 260 244 255 
6l M 58.8 73.-7 71.8 70.5 69.0 62.2 301 301 318 222 273 315 
F 62.4 73.0 66.2 66.7 67.2 58.2 291 292 300 209. 272 315 
62 M 60.9 74.7 78.9 70.1 69.6 57.9 298 308 343 272 282 340 
F 65.2 72.4 71.8 65.4 67.0 53.8 284 293 310 261 273 318 
63 M 66.6 75.5 75.7 71.6 70.6 57.7 267 227 264 251 266 305 
F 61.3 71.1 71.0 63.0 68.7 53.2 254 185 269 226 255 266 
6 h  M 71.2 66.9 79.6 72.2 74.2 55.0 266 254 322 260 316 230 
F 62.4 63.5 75.4 70.3 65.4 51.9 255 217 310 295 293 206 
TES -
HRES -
MTES -
Tobacco Experiment Station, Greeneville 
Highland Rim Experiment Station, Springfield 
Middle Tennessee Experiment Station, Columbia 
Table 23 (Continued) 
. Weaning veifiht Gain preveanin<? to weaning 
Year Sex Location Location 
Knox. Alcoa TES HRES MTES AMES Khox. Alcoa TES HRES MTES AMES 
57 M U27 457 465 446 394 456 232 151 122 125 132 165 
F 1+20 4l4 408 379 385 4iO 208 125 92 108 125 160 
58 M 453 477 409 450 462 484 232 203 151 172 170 175 
F 401 434 373 451 405 434 195 179 128 153 i4o l46 
59 M 432 467 465 477 423 442 174 138 189 201 169 218 
F 430 445 413 430 391 421 158 143 167 176 160 222 
6Ô M 508 512 426 458 470 457 242 173 160 204 155 178 
F 458 484 425 454 373 381 209 166 167 194 129 126 
é'i M 518 458 503 459 448 471 217 157 185 237 175 157 
F 472 444 457 428 440 424 181 152 157 218 169 110 
62 M 511 515 512 424 442 494 213 207 168 152 160 154 
F 469 460 453 386 409 423 185 186 142 126 136 105 
63 M 473 475 467 513 536 460 206 248 204 262 270 155 
F 449 394 445 468 477 422 195 209 176 242 223 156 
6 h  M 474 465 497 455 484 474 208 212 175 195 168 244 
F 431 382 453 490 437 398 175 165 143 196 145 192 
Table 23 (Continued) 
Preweaning average daily gain Weaning average daily gain 
Year Sex Location . Location 
Knox. Alcoa TES HRES MTES AMES Knox. Alcoa TES HRES MTES AMES 
57 
58 
59 
60 
6l 
62 
63 
6 k  
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
1.58 
1.59 
1.66 
1.43 
1.73 
1.79 
1.64 
1.5U 
2.10 
2.01 
1.75 
1.56 
1.76 
1.72 
1.79 
1.68 
1.79 
1.61 
1.82 
1.73 
1.78 
1.62 
1.83 
1.65 
1.77 
1.67 
1.65 
1.53 
1.55 
1.38 
1.76 
1.27 
1.85 
1.68 
1.77 
1.57 
1.94 
1.81 
1.59 
1.47 
1.91 
1.73 
1.86 
1.67 
1.81 
1.74 
1.90 
1.73 
2.05  
1.90 
1.85 
1.76 
1.91 
1.73 
1 .64 
1.63 
1.50 
1 .46 
1.50 
l .4o 
1.56 
1.51 
1.62 
1.71 
l.k5 
1 .46 
1.76 
1.53 
1.70 
1.55 
1.67 
1.4l  
1.67 
1.62 
1.45 
1.37 
1.63 
1.54 
1.70 
1.45 
1.79 
1.62 
1.79 
1.67 
1.61 
1.43 
1.56 
1.4l  
1.82 
1.74 
1.85 
1.69 
1.67 
1.55 
1.52 
1.43 
1.66 
1.55 
1.81 
1.52 
1.73 
1.60 
1.69 
1.56 
2.10 
1.88 
1.82 
1.60 
1.74 
1.67 
1.84 
1 .64 
1.76 
1.55 
1.88 
1.71 
78 
.63 
,80 
,62 
1.7k 
1.64 
1.69 
1.56 
1.76 
1.52 
1.78 
1.34 
1.95 
1.68 
1.79 
1.57 
1.88 
1.70 
1 .42 
l .4o 
1.89 
1.68 
1.85 
1.63 
1.85 
1.68 
1.91 
1.68 
1.88 
1.69 
1.89 
1.75 
1.80 
1.61 
1.68 
1 .64 
, 66 
, 56 
66 
,46 
1.83 
1.73 
1.70 
1.74 
1.53 
1.50 
1.91 
1.62 
1.57 
1.45 
1.63 
1.37 
1.57 
1.53 
1.65 
1.50 
1.97 
1.72 
1.80 
1.5k 
1.69 
1.56 
1.82 
1.62 
1.52 
1.45 
1.68 
1.37 
1.80 
1.53 
1.89 
1.58 
1.62 
1.53 
1.72 
1.51 
M 
Table 23 (continued) 
Preweaning to yeaning average daily gain Weaning type score 
Year Sex Location . Location 
Knox. Alcoa TES HRES MTES AMES Knox. Alcoa TES HRES MTES AMES 
57 M 1.71 1.71 2.25 1.6i 1.67 1.57 12.6 12.1 10.9 12.1 11.2 12.2 
F 1.53 • 1.45 1.70 • 1.39 1.57 1.49 12.8 11.6 11.0 12.2 11.0 12.2 
58 M 1.90 1.93 1.86 1.95 2.16 1.86 12.9 12.4 11.4 11.0 11.5 12.5 
F 1.58 1.69 1.58 1.74 1.77 1.54 12.4 12.0 10.8 10.2 10.7 12.7 
59 M 1.58 1.7k 1.80 1.70 1.46 1.45 12.2 12.2 11.5 12.6 11.3 11.5 
F 1.39 1.63 1.59 1.49 1.37 1.48 12.6 11.9 11.1 11.5 10.6 11.5 
60 M 1.7% 1.75 1.29 1.73 1.58 1.86 12.9 12.3 11.0 11.7 11.8 12.0 
F 1.58 1.57 1.35 1.64 1.31 1.33 12.6 12.1 11.0 11.8 10.7 11.6 
61 M 2.08 1.69 1.89 1.76 1.49 1.79 12.6 12.3 11.3 12.0 11.4 12.3 
F 1.74 1.59 1.6l 1.63 1.43 1.21 13.7 12.6 11.3 12.2 11.3 12.5 
62 M 1.92 1.73 1.83 1.93 2.02 1.99 12.5 12.0 12.1 12.2 11.8 12.2 
F 1.67 1.59 1.55 1.59 1.72 1.37 12.0 11.6 11.6 12.4 11.4 12.4 
63 M 1.71 1.92 1.87 2.08 2.29 1.54 13.0 12.8 11.9 12.2 11.9 12.4 
F 1.62 1.62 1.6l 1.92 1.89 1.52 12.8 11.7 12.1 12.7 12.2 12.2 
6U M 1.89 1.82 1.94 1.75 1.97 1.90 12.2 12.3 12.2 11.9 11.4 12.5 
F 1.60 1.44 1.59 1.75 1.70 1.59 12.1 10.5 12.0 12.8 10.7 12.0 
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Table 2h. Constants and standard errors for environmental effects 
Angus 
Effect 
Age of 
dam 
BW PW WW GPW 
cnst. s.e. cnst. s.e. cnst. s.e. cnst. s.e. 
2 
-7.26 .67 -33.44. 3.24 • -44.45 4.30 -11.00 2.59 
3 - 3 . 6 k  .60 -11.38 2.94 ! -17.53 3.90 - 6.15 2.35 
k  - .45 . 6 k  3.68 3.12 - 1.27 4.14 - 4.95 2.49 
5 .00 .69 7.13 3.37 10.79 4.47 3.65 2.69 
6 .25 .74 8.69 3.61 7.29 4.80 - 1.40 2.89 
7 1.93 .84 14.64 4.09 20.68 5.43 6.04 3.27 
8 1.85 .88 16.69 4.29 27.03 5.70 10.34 3.43 
9 - .74 .93 - 2.80 4.53. 2.54 6.01 5.34 3.62 
10 1.87 1.04 3.97 5.04 9.78 6.69 5.81 • 4.03 
11 1.68 1.30 5.82 6.31 12.79 8.38 6.97 5.04 
12 2.69 1..28 - 5.77 6.22 - 9.04 8.25 - 3.27 4.97 
12+ 1.82 1.18 - 7.23 • 5.73 -18.61 7.61 -11.38 4.58 
Sex 
Male 2.l6 .24 10.13 1.16 22.76 1.54 • 12.62 .93 
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Table 2k (Continued) 
Angus 
Effect 
Age of 
dam 
AGBP AGBW. AGPW WTS 
cnst. s.e. cnst. s.e. cnst. s.e. cnst. s.e. 
2 -.20 .02 -.16 • .02 -.12 .03 
-.5 .11 
3 -.06 .02 -.06 .02 -.05 .02 .1 .10 
k  .03 .02 -.00 .02 . -.Ok .02 .2 .11 
5  .05 .02 .05 .02, . O k  .03 . k  ,12 
6 .07 .03 .03 .02 —. 00 .03 .2 .12 
7 .10 .03 .08 .02 .05 .03 .2 . I k  
8 .11 .03, .11 .02 .10 .03 .5 .15 
9 -.02 .03 .01 .03 .05 .04 .3 .16 
10 .02 .oJ+ .03 .03 .06 .04 .0 .17 
11 .03 .05 .05 .03 .09 .05 —. 2 .22 
12 -.06 .05 -.05 .03 -.07 .05 -.6 .21 
12+ 
-.07 . O k  -.09 .03, -.11 .05 -.6 .20 
Sex 
Male .06 .01 0
 
VO
 
.01 . I k  .01 .0 . O k  
Regression .002 .001 
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Table 2h (Continued) 
Hereford 
Effect BW PW WW GPW 
Age of - . 
dam cnst. s.e. cnst. s.e. cast. s.e. cnst. s.e. 
2 —8.58 .66 - k 2 , 2 k  2.79 -61.28 3.90 -19.04 2.29 
3 -3.66 .57 -18.25 2.40 -31.57 3.37 -13.32 1.98 
- .47 .59 - 3.31 2.47 - 9.03 3.45 - 5.73 2.03 
5 .74 .63 5.98 2.64 6.42 3.69 .44 2.17 
6 1.93 . 66 12.77 2.77 9.38 3.88 - 3.39 2.28 
7 3.27 .73 13.40 3.07 20.73 4.30 7.33 2.52 
8 1.61 .77 11.79 3.26 18.93 4.56 7.14 2.68 
9 .49 .98 4.06 4.14 4.00 5.79 - .05 3.40 
10 1.54 1.12 13.06 4.71 23.30 6.60 10.24 3.88 
11 3.72 1.26 15.21 • 5.30 18.54 7.42 3.33 4.36 
12 - .12 1.58 -10.24 6.64 -10.41 9.30 - .17 5.47 
12+ 
- .47 1.83 - 2.23 7.71 10.99 10.79 13.22 6. 34 
3ex 
Male 2.13 .22 10.57 .92 20.26 1.29 9.70 .76 
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Table Zk (Continued) 
Hereford 
Effect 
Age of 
dam 
AGBP AGBW AGPW WTS 
cnst. s.e. cnst. s.e. cnst. s.e. cnst. s.e. 
2 —. 26 .02 -.23 .02 —. 20 .02 -1.0 .09 
3 -.11 .02 — • 12 .01 — • 12 .02 - .4 .08 
h  -.02 .02 -.04 .01 -.05 .02 - .0 .08 
5 .oU • .02 .02 .02 .01 .02 .1 .09 
6 .08 .02 .03 .02 - . o h  .02 .3 .09 
7 .08 .02 .08 .02 .08 .02 .4 .10 
8 .08 .02 .08 .02 .08 .03 .3 .11 
9 .02 .03 .02 .02 .01 .03 .2 .13 
10 .09 .03 .09 .03 .09 .04 .4 .15 
11 .09 .04 . 06 .03 .04 .04 .1 .17 
12 -.08 .05 -.OU .01+ -.00 .05 - .1 .21 
12+ —. 01 • .05 .05 .OU .10 . 06 
- .3 .25 
Sex 
Male .07 .01 .08 .01 .10 .01 .1 .03 
Regression .006 .001 
